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CCXXXV. REFRACTOMETRIC EXAMINATION 
OF PURIFIED ANTITOXINS. 


By CHARLES SIEBENMANN. 


From the Connaught Laboratories, University of Toronto. 
(Received July 15th, 1933.) 


PuRIFIED diphtheria and tetanus antitoxins, prepared from antitoxic horse sera 
by isolating the water-soluble globulins, are purer than the original sera in so 
far as they contain more antitoxin per g. of protein. Their higher degree of 
purity however does not exclude the fact that for a definite volume they often 
contain more protein than the original sera from which they were prepared. 
As the injection of concentrated protein solutions is not desirable, there are 
regulations fixing the maximum protein or total solid content of such purified 
antitoxins. For institutions concerned with the production of such antitoxins, 
the determination of total solids or total protein is therefore a matter of daily 
routine. 

The gravimetric methods for determining total solids and protein, and the 
Kjeldahl method, are well established but rather lengthy procedures. The 
nephelometric method for determining proteins [Kober, 1917] is quicker, but 
it seems not easy to obtain reproducible results. The present paper deals with 
the refractometric determination of the globulin content of concentrated anti- 
toxins. 

The refractometric determination of serum-protein by Reiss [1913; 1915; 
1924] differs fron: the method described here in that in natural sera the 
concentration of non-protein substances is unknown, and may in exceptional 
cases show great variations, so that from the refractive index alone the protein 
concentration can only be determined approximately. However, antitoxins, 
purified by a modification of Banzhaf’s method of salt precipitation and heating, 
represent pseudoglobulin solutions free from albumin and non-protein fractions 
and containing known amounts of salt and preservative. The protein content 
of such solutions can be determined by a single refractometric reading. 


Basis of the refractometric globulin determination. 

First we have to prove that a linear relationship between changes in the 
refractive index and changes in the protein concentration, as observed by Reiss 
[1903] and Robertson [1909] for a number of proteins, exists also for solutions 
of antitoxic horse globulin. 

From a solution of pseudoglobulin containing 1600 units of diphtheria anti- 
toxin per cc., and freed from salts by prolonged dialysis against distilled water, 
a series of dilutions was prepared so that each dilution contained exactly 0-80 % 
NaCl and 0:38 °% tricresol. 

Table I records the globulin content of the undiluted antitoxin, the globulin 
content of each dilution (c) as well as the refractive index (nv) determined by 
means of a Zeiss dipping refractometer, at 17-5°. 
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Diphtheria antitoxin 512 C. 


Before dilution 1 ce. contains 1600 antitoxin units and 24-68 % globulin (by weight). 
All solutions contain 0-80 °% NaCl +0-38 % tricresol. 


Globulin 
content 


(‘* 


6-17 


Refractive 


index 
7 
1-34675 
1-34391 
1-34300 
1-34101 
1-33810 


Change of n per 
1 % globulin 
a 
0-00185 
0-00186 
0-00187 
0-00185 
0-00181 


Average 


0-00185 


refractive index of NaCl 0-80 °/ +0-38 % tricresol = 1-33531. 


* Calculated from dilutions. 


If for such solutions, the relation between refractive index and globulin 
concentration is linear, then the following equation must hold true: 
n=n' + ac 
where v is the refractive index of the solution, n’ a constant, being the refractive 
index of the solvent (solution of 0-80 9% NaCl + 0-38 % tricresol) and c the 
globulin concentration. The value a represents the supposedly constant change 
in the refractive index (n) due to the presence of 1 °% horse pseudoglobulin. 


n— 


= a ‘ n’ 
In Table I, col. 3, are recorded the values of a —— calculated from 
= 


equation (1). These represent the changes in the refractive index caused by the 
presence of ] hes globulin. 

Table IT shows the results of a similar series of experiments, in which the 
solutions examined were prepared from the same antitoxin, but contained no 
salt or tricresol. Here, too, the values of a show a high degree of constancy 
and are practically identical with those recorded in Table I. The presence in 
solution of 0-38 °% tricresol and 0-80 °% NaCl, seems, consequently, not to change 
the refractive properties of pseudoglobulin. 


Table Il. Diphtheria antitoxin 512 C. 


Before dilution 1 cc. contains 1600 antitoxin units and 24-68 % globulin (by weight). 
All dilutions are free from salt and tricresol. 
Globulin 
content Refractive Change of n per 
C* index 1 % globulin 
by n a 
8-2% 34834 0-00184 
6-1 -34688 0-00187 
4-6: 34389 0-00186 
-34215 0-00184 
-33877 0-00185 
Average 0-00185 
refractive index of distilled water = 1-33320. 


* Calculated from dilutions. 


The same values of a were obtained by examining diluted antitoxin solutions 
prepared from another diphtheria antitoxin containing 1800 units per ce. 


(Table ILI). 
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Table III. Diphtheria antitoxin 512 A. 


Before dilution 1 cc. contains 1800 antitoxin units and 18-55 % globulin (by weight). 
All dilutions contain 0-80 % NaCl +0-38 % tricresol. 








































Globulin 


content Refractive Change of n per 

c* index 1 % globulin 
% n a 

9-27 1-35258 0-00186 
6-18 1-34688 0-00187 
4-63 1-34389 0-00186 
3°71 1-34215 0-00184 
1-85 1-33877 0-00185 


Average 0-00186 
n’ =1-33531. 


* Calculated from dilutions. 


Finally we had to show that antitoxic globulin does not differ from normal 
globulin with regard to refractive properties. Hurwitz and Meyer [1916] and 
later Meyer, Hurwitz and Taussig [1918], made refractometric globulin deter- 
minations on antitoxic horse sera, using a salt precipitation method outlined by 
Robertson [1915]. They apparently assumed that the refractive properties of 
antitoxic globulin are identical with those of normal globulin, without showing 
experimental proof. From normal horse plasma, pseudoglobulin was separated 
in exactly the same way as in the preparation of diphtheria antitoxin. From 
the salt-free dialysed globulin solution dilutions were made and examined by 
the refractometer. The results, recorded in Table IV, show that the change in 


Table IV. Solutions of normal horse globulin. 


Before dilution 1 cc. contains 14-54 °% globulin (by weight). 
All dilutions contain 0-80 % NaCl +0-38 % tricresol. 


Globulin Refractive Change of n per 
content index 1 % globulin 
nie n a 
3-63 1-34203 0-00185 
2-42 1-33981 0-00186 
1-81 3 0-00187 


0-00181 





0-45 
Average 0-00185 


the refractive index of a normal globulin solution due to the addition of 1 % 
globulin (col. 3) is exactly the same as for solutions containing antitoxic globulin. 
This value (a = 0-00185) is considerably lower than the corresponding value 
for ox serum-globulin (a = 0-00229) used by Robertson [1915] but is practically 
identical with a = 0-00184 determined by Reiss [1924] for human serum-protein 
and with a = 0-00186 calculated by Adair and Robinson [1930] for horse globulin. 
For a purified diphtheria antitoxin containing a known amount of salt and 
tricresol, the globulin content can consequently be determined by a single re- 
fractometric reading. From the refractive index the globulin content is calcu- 
lated according to equation (1). 
Technique. 

Using the attachment No. 1 of the Zeiss dipping refractometer, it is possible 
to determine refractive indices in the range from 1-325 to 1-367. As the re- 
fractive indices of purified antitoxins are generally considerably higher, the 

110—2 
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concentrated antitoxins must first be diluted (1:4) in order to make the deter- 
mination possible. 

Example: Globulin determination of diphtheria antitoxin 513 A. Exactly 6 ce. 
of salt solution “‘A” containing 0-80 % NaCl + 0-38 % tricresol are placed in 
a test-tube and 2 cc. of antitoxin measured with an Ostwald-Folin pipette (to 
contain) are added. The pipette used for the antitoxin should be rinsed out 
several times with the diluted antitoxin solution. This dilution (1:4) gives in the 
refractometer at 17-5°, a reading of 42-55, corresponding to a refractive index 
of 1-34371'. 

From the value (”) and the refractive index of the salt solution (n’ = 1-33531) 

1-34371 — 1-33531 
0-O00185 
(1:4) of the antitoxin, the globulin content of the undiluted antitoxin is 
4x 4-55 &% =18-20 % 


4-55 % globulin. Taking into account the dilution 


Globulin determination by means of a chart. 
Instead of calculating the globulin content in the way described, it is simpler 


to read the results directly from a chart. Such a chart (Fig. 1) is worked out 


] 
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Fig. 1. Ordinates: refractometer scale readings at 17-5°. Abscissae: globulin percentages of the 
undiluted antitoxin. Abscissae I, for antitoxin examined at dilution 1:4. Abscissae II, for 
antitoxin examined at dilution 1:2. Abscissae II], for antitoxin examined undiluted. 


Solutions containing 0-80 °, NaCl + 0-38 ° tricresol. 
Solutions containing 0-70 °, NaCl + 0-38 % tricresol. 


on the basis of equation (1), using for the constant a the value 0-00185. The 
globulin percentages are recorded as abscissae, the refractometer readings as 
ordinates. Using this chart, it is not necessary to convert the refractometer 
readings into refractive indices. The chart records directly the scale readings of 
the Zeiss refractometer obtained by examining the antitoxins at the dilution 
1:42. These direct readings represent points al! lying on a straight line. The 
fixed points of this chart calculated from equation 1 are tabulated in Table \ 
For the determination of globulins with the technique described, it is neces- 
sary that the purified antitoxins contain exactly 0-8 % NaCl + 0-38 °% tricresol, 
but the method may be worked out for any definite salt or tricresol concentration 
by introducing into equation (1) corresponding values of »’. For antitoxins 
containing e.g. 0-7 % NaCl instead of 0-8 %, n’ becomes 1-33519 (20-16) and 


oO 
! Using the conversion table of Reiss [1924]. 
2 Antitoxins with less than 12 % total solids should be examined undiluted or diluted 1:2 


Corresponding abscissae are entered in Fig. 1. 
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Table V. 


Fixed points of Fig. 1. 
Calculated for antitoxins containing 0-80 % NaCl+0-38 °% tricresol. 


Globulin % n Corresponding 
of undiluted Calculated for refractometer 
antitoxin dilution 1:4 reading (17-5°) 

12 1-34086 35-00 

18 1-34363 42-35 

20 1-34456 44-8] 

24 1-34641 49-71 

26 1-34733 52-25 


Example. Globulin determination of diphtheria antitoxin 512 A. Dilution 1:4 with salt 
solution A. Refractometer reading at 17-5° =42-55 (n =1-34371) indicating on Fig. 1, 18-17 % 
globulin (against 18-20 °% by calculation). 


the refractometric readings lie according to equation (1) on a straight line which 
runs parallel with the 0-8 % line (Fig. 1). 

For research work it is often desirable to determine the globulin content of 
freshly dialysed, salt-free antitoxins. For such cases the same chart can be used, 
but the dilution (1:4) has to be carried out in the following way. Instead of 
using saline “A” a special saline ““B” containing 1-0 NaCl and 0-506 % 
tricresol is needed, bringing the final concentration to 0-8 % NaCl and 0-38 % 
tricresol. Then the determination can be carried out by means of Fig. 1. 

This dilution technique has the advantage over refractometric examination 
of salt-free globulin solutions in that it applies not only to pseudoglobulin 
solutions, but also to mixtures of pseudoglobulin and euglobulin, the latter 
being brought into solution by the saline used for dilution. 


7 O 
‘ 0 


Conversion of globulin percentages into total solid figures. 


The technique of determining total solids by weight, carried out in connection 
with this work, is as follows. 

In a wide weighing bottle with ground glass stopper, 6 cc. of distilled water 
are placed. To this exactly 2 cc. of antitoxin are added, using an Ostwald pipette 
(to contain), the pipette being washed out at least 6 times with the diluted 
antitoxin. The pipette is finally filled with distilled water and this is added to 
the diluted antitoxin. The bottle is first heated for 2 hours at 90° and then at 
100-105° until its weight becomes constant. By using this technique the total 
solids can be determined with a maximum error of 0-20 %. 

Comparisons of total solid determinations on antitoxins free from tricresol 
with determinations on the same products, but containing 0-38 °% tricresol, 
show that during the heating all tricresol is volatilised. For converting the 
globulin content, determined with the refractometer, into total solid figures, we 
have consequently to add only 0-80 % in weight, taking into account the salt 
content of the solutions. For salt-free antitoxins, the globulin figures should, 
within the limits of experimental error, be identical with the total solid figures 
determined by weight. The mineral content of the tap water, used for dialysis, 
has no influence on the results, if its total solid content is below 0-1 %%, as in 
our case. This possible cause of error has however to be checked for each place 
where such determinations are carried out. 


Temperature coefficient of the refractometer readings. 


As the refractive index of any solution varies greatly with temperature, it 
is necessary to carry out refractometric measurements at a constant temperature. 
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In order to be able to carry out our determinations at any given room tem- 
perature, the temperature coefficient (K) of the refractometer readings (7.e. the 
change of the scale reading due to a temperature change of 1°) was determined. 
For the temperature range 17—25°, K was found to be 0-260 for an antitoxin! 
containing 19-20 °% total solids and 0-267 for an antitoxin! with 25-38 °% total 
solids, while for distilled water K is lower (0-236). K seems consequently not 
to be independent of the concentration. For the type of globulin solutions, 
however, which are in question, the coefficient K = 0-26 is sufficiently accurate. 

Using this temperature coefficient the globulin contents and total solids of 
a number of antitoxins were determined by the refractometer at room tem- 
perature*. The results obtained (Table VI, col. 6) are compared with determina- 


Table VI. Determinations at room temperature. 


Anti- Total 
toxin* Temp. teading Total solidt Total 
Seitz- Temp. Scale corrections calculated solid determined _ solidt 
filtered C. reading (K=0-26) for 17-5 (Fig. 1) at 17-5 by weight 
Erysipelas: 
2A 24-30 40-62 -78 2- 18-85 18-77 18-79 
3A 24-20 40-97 7 2-73 19-11 19-10 18-94 
Tetanus: 
60A 24-00 41-87 + 1-7 3 19-77 19-77 19-85 
B 24-10 41-99 + 1-7¢ ode 19-90 19-90 19-79 


* Containing 0-80 °% NaCl+0-38 °% tricresol. + Compare Table VII B. 


tions done on the same material but carried out at exactly 17-5° (col. 7). The 
measurements carried out at room temperature yield total solid figures which 


show satisfactory agreement with the results calculated from the readings ob- 
tained at 17-5° and lie very close to the total solid figures determined by weight. 

For carrying out the refractometric determinations in the way just described, 
temperatures above 25° should be avoided and care should be taken that the 
single determination dees not take more than 10 minutes because of possible 
evaporation of the solutions. 


DISCUSSION. 


Refractometric globulin determinations (17-5°), using Fig. 1, were carried 
out on a number of diphtheria, tetanus and scarlet fever antitoxins. The results 
are shown in Tables VII a and VII s. 

The total solid figures in col. 4 are calculated from the refractometric globulin 
values (col. 3), taking into account the salt content of the antitoxins (see p. 1749). 
These calculated figures based on the refractometric method show a satisfactory 
agreement with the total solid figures obtained by weight (col. 5). Of interest 
is that whatever antitoxin these solutions of horse globulin contain, their re- 
fractive properties do not differ from those of normal horse globulin. 

The possibility of the turbidity giving rise to error was studied in the case 
of diphtheria antitoxin (Table VII a). The turbidity (col. 7) of the undiluted 
bag material, was determined by comparison with turbidity standard sus- 
pensions containing definite amounts of fuller’s earth (expressed in parts per 
1 million parts of the solution). The total solid figures (col. 4) based on the 


1 Containing 0-80 °;, NaCl +0-38 ° tricresol, dilution 1:4 with saline A. 
* Using the water-bath (No. 418111 Zeiss Catalogue on Dipping Refractometer) which was 
used for all other experiments but without the constant water level (No. 418101 and No. 418133) 


designed for maintaining the hath temperature at 17-5°. 
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Table VII a. Refractometric globulin determination by means of Fig. 1 (17-5°). 


Refr. reading Globulin Total solid Total solid 


at 17-5 (refr.) (refr.) (by weight) 
Product* (dilution 1:4) % % % Differencet Turbidity 
Diph. ant. Seitz-filtered: 
507,2B 41-43 17-23 18-03 17-83 +0-20 <100 
509 A 41-82 17-53 18-33 18-35 — 0-02 <100 
510 A 42-98 18-52 19-32 19-34 — 0-02 
511A 42-73 18-30 19-10 19-2] —0-11 <100 
512 A 42-93 18-45 19-25 19-08 +0-18 <100 
513 A 42-55 18-17 18-97 18-84 +0°13 <100 
513 B 42-75 18-30 19-10 18-90 + 0-20 <100 
514A 43-41 18-83 19-63 19-52 +0-11 <100 
Bag material: 
509 51-55 25-42 26-22 26-41 —0-19 600 
515 51-60 25-45 26-25 26-37 —0-12 500 
516 50-61 24-58 25-38 25-38 0 500 
517 49-55 23-82 24-62 24-83 —0-21 300 


* All products examined contain 0-80 % NaCl +0-38 % tricresol unless otherwise stated. 
+ Total solids by refractometer minus total solids by weight. 


Table VII B. 


Refr. reading Globulin Total solid Total solid 
at 17-5° (refr.) (refr.) (by weight) 
Product* (dilution 1:4) %, % %, Difference 
Tetanus ant. Seitz-filtered: 
58 A 42-92 18-47 19-27 19-18 +0-09 
58 B 42-74 18-30 19-10 19-3 — 0-2] 
56 A 43-15 18-65 19-45 19-12 +0-33 
Repeat 43-00 18-52 19-32 19-29 + 0-03 
57A 43-20 18-68 19-48 19-31 +0-°17 
60 A 43-58 18-97 19-77 19-85 + 0-08 
60 B 43-75 19-10 19-90 19-79 0-11 
Scarlet fever ant. Seitz-filtered: 
116A 40-26 16-31 17-11 16-86 0-25 
11IZA 42-37 18-02 18-82 19-00 —0-18 
Repeat 42-46 18-08 18-88 (19-00) 0-12 
120 A 39-45 15-62 16-42 16-61 0-19 
123 A 40-30 16°35 17-15 16-91 0-24 
121A 39-75 15-87 16-67 18-8] 0-14 
Bag material: 
71241 46-67 21-47 21-47 21-37 0-10 
Repeat 46-70 21-53 21-53 (21-37) 0-16 
7124 II 48-52 22-98 22-98 22-96 0-02 
Erysipelas ant. Seitz-filtered : 
2A 42-30 17-97 18-77 18-79 0-02 
3A 42-78 18-30 19-10 18-94 +0-16 


* All products contain 0-80 % NaCl +0-38 % tricresol unless otherwise stated. 
+ Products free from salt and tricresol. 


refractometric globulin determinations, are, on the average, slightly lower than 
the total solid figures determined by weight. However, the differences (max. = 
—0-21 %) lie within the limits of experimental error encountered with the total 
solid determinations by weight. The refractometric globulin determinations as 
such show a high degree of accuracy (see repeats in Table VII 8). Using cali- 
brated pipettes for preparing the antitoxin dilutions, the refractometric readings 
are reproducible within less than 0-2 division of the refractometer scale corre- 
sponding to a variation of less than 0-2 % in the globulin figure (see Fig. 1). 
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SUMMARY. 


1. The refractive properties of globulin solutions containing diphtheria anti- 
toxin were investigated. No distinct differences were found between these and 
the refractive properties of normal horse globulin solutions. These findings were 
confirmed for purified tetanus, scarlet fever and erysipelas antitoxins. 

2. A refractometric method for routine determination of globulins and total 
solids of purified antitoxins by a single refractometer reading is described. From 
this refractometer reading the globulin concentration is obtained either by 
calculation or by using a reference chart. 

Instead of carrying out the determinations at 17-5°, the readings can be 
made at any definite room temperature (17—25°) taking into account the tem- 
perature coefficient of the refractometric readings. 
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CCXXXVI. OXIDATION OF FATTY ACIDS 
IN THE LIVER". 


By JUDA HIRSCH QUASTEL 
AND ARNOLD HERBERT MAURICE WHEATLEY. 
From the Biochemical Laboratory, Cardiff City Mental Hospital. 


(Received September 4th, 1933.) 


SINCE the classical experiments of Embden, Knoop and Dakin over 25 years 
ago, little work has been carried out on the oxidation of fatty acids in the 
body. This has been due perhaps to the difficulties inherent in perfusion tech- 
nique. The advent of the comparatively modern manometric methods of Barcroft 
and Warburg has made it possible to study fatty acid oxidation, and the various 
factors influencing it, in isolated organs in a strictly quantitative manner. We 
propose to describe in this paper the results of experiments carried out with 
these methods using thin tissue slices, usually not exceeding 20 mg. dry weight. 


Methods. 

Tissue slices about 0-4 mm. thick were prepared from fresh guinea-pig liver ac- 
cording to Warburg’s methods. The slices were bathed in 0-9 % saline for a few 
minutes before immersion in the vessels of the manometer. Both the Warburg 
and Barcroft apparatus have been used. The dry weights of the tissue slices 
varied from 8 to 20 mg. 

The medium in which the tissue slices were immersed consisted of 1-5 cc. 
Locke solution, 1 cc. M/45 phosphate buffer solution p,, 7-4 and 0-5 cc. of a 
solution of the fatty acid neutralised with sodium hydroxide (to py, 7-4). In 
control experiments the solution of the fatty acid was replaced by 0-9 % saline. 

Air was displaced by oxygen in all experimental vessels as soon as the tissue 
slices had been added to the media in the manometric vessels. CO, was absorbed 
by rolls of filter-paper, moistened with 6 °% KOH, contained in the inner tubes 
of the vessels. 

After attainment of temperature equilibrium readings of O, uptake were 
taken every 15 minutes for 3 hours. At the end of this period the slices were 
removed from the vessels, washed in distilled water and dried at 105°, after 
which they were weighed. The solutions in the vessels were investigated either 
qualitatively by colour tests or quantitatively by methods which will be 
described later. 

In determining Q,, (i.e. mm.* of O, absorbed per mg. dry weight tissue per 
hour) the reading over the first 15 minutes was usually neglected, and the 
average oxygen uptake was calculated over the remaining period of the 

experiment. 

In all experiments described in this paper guinea-pig liver was used. The 
animals were mostly young (about 11 oz. weight) and well fed (bran, oats and 
greens). The animal was well bled before the liver was removed. Tissue slices 
were taken usually within 15 minutes of the death of the animal. 


1 The substance of this note was read before the Third International Congress for Cytology in 
August, 1932. 
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Oxidation of fatty acids etc. by the liver. 





Representative values of the respiration of guinea-pig liver and of the de- 
velopment of acetone or acetoacetic acid (as indicated by the nitroprusside 
reaction), in the presence of the first eight members of the fatty acid series, are 
shown in Table I. The 2nd and 3rd columns of this Table give the Q,, for an 









Table I. Oxidation of fatty acids etc. by guinea-pig liver. Initial py =7-4. 










Qo. Nitroprusside Qo, Nitroprusside 

Substrate 0-017 M reaction 0-067 M reaction 
None 4:5 Nil 
Formic acid 4-2 Nil 2 
Acetic acid 7-4 ++ 4 35:5 ++ 
Propionic acid 10-0 Nil 7-0 Nil 
Butyric acid 12-0 t+++ 10-0 ++++ 
n-Valeric acid 12-8 Trace 12-2 Trace 
n-Hexoic acid 13-6 -+++ 5-0 + + 
n-Heptoic acid 13-8 2-8 Nil 
n-Octoic acid 13-0 2-8 Nil 



















Crotonic acid 8-2 8-2 a 
Isocrotonic acid 7-6 . ‘. 
Lactic acid 6-5 

Pyruvic acid 5-0 + 

Glucose 4:3 Nil 

Glycerol 5-2 Nil 






initial concentration of 0-017, and comparative estimates of the intensities 
of the nitroprusside reaction yielded by the substrates at this concentration; 
the 4th and 5th columns give the Q,, for an initial concentration of substrate 


of 0-067.M and comparative estimates of the nitroprusside reactions yielded at 







this concentration. 
The normal Q,, of guinea-pig liver (i.e. in the absence of any added sub- 
strate) is given as 4-5. This is an average of 25 observations, the limits of varia- 







tion being 2-7 and 6-0. The remaining figures quoted in Table I are represen- 
tative of the results of at least three experiments. 

The following facts are of note. 

(1) All fatty acids with the exception of formic acid increase markedly the 
respiration of liver. Acetic acid has the least effect. 

(2) There exists an optimum concentration for each fatty acid, above which 
any increase in concentration leads to a fall in Q,, and also to the development 
of acetone bodies, as indicated by the nitroprusside reaction. This is particularly 
noticeable with higher members of the series. Table II shows the variation of 
(,, with concentration of butyric acid. 










Table Il. Oxidation of butyric acid by guinea-pig liver. 
Variation of Q,,, with concentration of fatty acid. 












Liver alone 4-5 
6 










butyric acid 0-0017 M ( 
0-0035 M 11-0 
0-0170M 12-0 






0-0670 M 10-0 





The rate of O, uptake by liver in the absence of added substrates becomes 
constant after about the first 30 minutes. 
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Similarly in the presence of fatty acids at the initial concentration of 0-017. 
the rate of O, uptake is linear. With fatty acids at higher concentrations there 
is a considerable departure from linearity, this becoming particularly observable 
with n-hexoic and higher fatty acids. In Table III are recorded the rates of 


Table III. Rate of Os uptake by guinea-pig liver in presence of 
fatty acids 0-067 M. Initial py=7-4. 


Qo, Qo, Qo, Qo, 

Fatty acid after 30 mins. after 60 mins. after 90 mins. after 120 mins. 
Control (no fatty acid added) 6-6 4-7 4-7 4-7 
n-Valeric 13-7 13-0 12-2 2-2 
n-Hexoic 9-8 6-3 4-4 3°8 
n-Heptoic 7-0 3-5 2-5 1-5 


respiration of guinea-pig liver, alone and in the presence of n-valeric, n-hexoic 
and n-heptoic acids, at particular periods during the experiment. Thus with 
valeric acid the rate of respiration (Q,,) after 60 minutes was 13-0 and had 
only fallen to 12-2 after 120 minutes. With n-hexoic acid, however, the rate of 
respiration was 6-3 after 60 minutes and had fallen to 3-8 after 120 minutes. 

The existence of an optimum concentration for each fatty acid for maximum 
respiration, and the departure from the linear rate of respiration of liver in the 
presence of relatively high concentrations of the higher fatty acids, are probably 
to be attributed to increased surface adsorption of the fatty acid leading to an 
interference with the access of oxygen or of an oxygen carrier. 

(3) All the fatty acids with an even number of carbon atoms, including 
acetic acid, give rise to comparatively large quantities of acetone (or acetoacetic 
acid). Those fatty acids with an odd number of carbon atoms give rise to little 
or no acetone (or acetoacetic acid). This result is in complete accord with the 
results of early perfusion experiments. 

(4) Both the unsaturated acids, crotonic and isocrotonic acids, are vigo- 
rously oxidised with the production of acetone (or acetoacetic acid). 

(5) Glucose appears not to be oxidised by liver and not to give any increase in 
respiration [see also Dickens and Greville, 1933]. Lactic acid definitely increases 
the Qo, [see Dickens and Simer, 1930]—so do pyruvic acid and glycerol, but 
none of these substances leads to so great an increase in respiration as the fatty 
acids at equivalent concentrations. Of all substances so far investigated the 
fatty acids appear to be the most vigorously attacked. 


Oxidation of butyric acid by the liver. 


The question arose as to how far butyric acid suffered oxidation in the liver. 
This problem was investigated in the following ways. 

(a) Determinations were made of the increased CO, output by the liver in 
presence of butyric acid. 

(6) Estimates were made of the yield of acetoacetic acid and acetone pro- 
duced by butyric acid in liver. 

1. CO. output by liver in presence of butyric acid. O, uptakes of guinea-pig 
liver alone and in the presence of butyric acid 0-017.M were determined in a 
bicarbonate-phosphate-Locke medium of the following composition: 1-5 cc. 
Locke solution, 0-25 cc. phosphate buffer M/15 py, 7-4, 0-47 cc. sodium bicar- 
bonate solution 0-16, 0-28 ce. saline. To this was added sodium butyrate 
solution to make a total volume of 3 cc. Air was displaced by an 0,+5 % CO, 
mixture and determinations of changes of volume were obtained using a Barcroft 
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differential manometer. No KOH was placed in the inner tubes of the mano- 
meter vessels. 

The changes of volume obtained were the differences between O, absorbed 
and CO, produced and could be compared with experiments carried out under 
similar conditions but where provision was made to absorb all CO, produced. 
In such experiments the bicarbonate was replaced by Locke solution, the 
O,-CO, mixture by O,, and KOH was placed in the inner tubes of the 
vessels. 

In a number of such experiments it was shown that little or no extra CO, 
was produced by the combustion of butyric acid in liver. A typical result is 
shown in Table IV, the increase in Q,, due to butyric acid being 5-7 and the 


Table IV. 
Qo, Q Og 
Guinea-pig liver 4-2 3°7 
+ butyric acid 0-017 M 9-9 4-0 


Increase 5-7 0-3 


QO. etone bodies Qacetoaceti acid 
(iodoform (aniline 
Exp. method) method) 
: = jl 2-8 P 
Guinea-pig liver 2 : 2-5 


3 3! 
‘4 B 4-2 


butyric acid 0-017 M 


Increase in Qo, due to 
Exp. butyric acid 
l 4-4 
2 8-7 
increase in Q,,, (mm.* CO, produced per hour per mg. dry weight of tissue) 
only 0-3. 

There is thus reason to believe that although a vigorous oxidation of butyric 
acid occurs in the liver this does not result in an extensive breakdown to CQ,. 
Presumably, therefore, if acetoacetic acid is a product of oxidation of butyric 
acid in the liver, this does not break down markedly in this organ to acetone and 
CO,. This conclusion can be put to the test by direct analysis. 

2. Estimations of acetone and acetoacetic acid. Two methods have been em- 
ployed. 

(a) lodoform method. In this method 2-5 cc. of the solution containing the 
acetone bodies were placed in a large boiling-tube contained in a water-bath 
and 1 cc. N H,SO, was added. Air was led through the solution into a large tube 
containing 5 cc. 5N NaOH and 5cc. N/20 iodine solution. The water in the 
bath was brought to the boil, air being drawn slowly through the solution 
containing the acetone bodies into the alkaline iodine solution. In usually 
30-45 minutes all the acetone (together with that contained in the acetoacetic 
acid) had been taken over into the iodine solution, less than 0-5 cc. liquid re- 
maining in the tube in the water-bath. The alkaline iodine solution, containing 
an iodoform precipitate, was carefully neutralised (at 0°) and the liberated iodine 
titrated with N/20 sodium thiosulphate solution. This method was found to be 
accurate only for quantities of acetone corresponding to 1 cc. or less of N/20 
iodine solution. It does not of course differentiate between any volatile com- 
pounds which can combine with iodine in alkaline solution. 
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(b) Aniline hydrochloride method. This method is identical in principle with 
that recently used by Krebs [1933] and by Postern [1933] in the estimation of 
oxaloacetic acid. It differs somewhat in detail from that of these workers. The 
method depends upon the fact that one molecule of acetoacetic acid is broken 
down in presence of aniline to yield one molecule of CO, which can be estimated 
manometrically. We have adopted the following procedure. 


2-5 ec. of the solution containing acetoacetic acid are placed in the left-hand vessel of a 
Barcroft manometer and to this is added 1 cc. M/5 acetate buffer py 3-8. A small cup, con- 
taining 0-1 g. aniline hydrochloride, is hung by means of a platinum hook on the inner tube of 
the Barcroft vessel. In the right-hand vessel are placed 2-5 cc. saline together with 1 cc. M/5 
acetate buffer py, 3-8. The manometer is placed in a bath at 37° and allowed to shake at the usual 
rate for 10 minutes after which the taps are closed and the manometer again allowed to shake. 
Usually no change in the manometer levels occurs within 10-15 minutes, showing little or no 
spontaneous breakdown of acetoacetic acid under these conditions. The cup containing the aniline 
hydrochloride is displaced by a sharp shake of the manometer and in a few minutes there is 
rapid change in the manometer levels as the aniline reacts with the acetoacetic acid. Readings 
are taken every 5 minutes. The reaction appears to be complete in 30 minutes but we usually 
take readings for a further 30 minutes. We have not dealt with quantities of acetoacetic acid 
appreciably greater than that corresponding to an evolution of 250 mm.* CO,. 

This method, which is quick and gives reproducible results, estimates acetoacetic acid 
and not acetone or acetaldehyde. Were oxaloacetic acid present in small quantity it would be, 
in all probability, fully decomposed under these experimental conditions before the aniline 
hydrochloride was added [see Postern, 1933]. 


The acetone bodies, estimated either by the iodoform method or by the 
aniline hydrochloride method, are calculated in terms of mm.* produced per mg. 
dry weight of tissue per hour, and are thus given in units directly comparable 
with the Q,,. Representative results are shown in Table IV. Taking two experi- 
ments in which respirations of guinea-pig liver in presence of sodium butyrate 
0-017 M were identical, Q,.ctone poaies (odoform method) proved to be identical with 
Q cctoaceticacig (Aniline method). This indicates that no appreciable quantities of 
acetone or acetaldehyde are formed in the combustion of butyric acid by liver; 
otherwise the Q,cctone boaies WOUld be greater than Q 

If butyric acid is burned completely to acetoacetic acid it would be expected 
that the Q,rctoaccticacia WOUld be equal to the increase in Q,, due to the butyric 
acid. This does not appear to be the case. Two typical results are shown in 
Table IV where it will be seen that the Q,cctoaccticacia IS About half the value of 
the increase in Q,,. 

It was conceivable that some of the butyric acid was oxidised to succinic 
acid, which would then be rapidly oxidised by liver to /-malic acid. The latter 
is only very slowly oxidised by liver and it would be anticipated that /-malic 
acid would accumulate and be observable polarimetrically if succinic acid were 
formed. Polarimetric examinations, however, gave negative results, so that it 
must be concluded that oxidation of butyric acid to succinic and /-malic acids 
does not take place to any marked extent in the liver. 

It is more likely that the extra oxygen taken up, and not accounted for by the 
acetoacetic acid, is to be found in £-hydroxybutyric acid, which we have not 
yet estimated. It has been shown by Snapper and Griinbaum [1927, 1, 2] in 
perfusion experiments that liver has a marked reducing action on acetoacetic 
acid. These writers have also shown, by perfusion experiments, that the power 
of surviving liver to break down acetoacetic acid is small, a conclusion with 
which the results given above are in agreement. 


acetoacetic acid * 
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The action of propionic acid on the oxidation of butyric acid in the liver. 


It was shown, in Table I, that propionic acid is oxidised by guinea-pig liver 
but that it does not give rise to acetoacetic acid. 

If propionic acid be added to butyric acid, the formation of acetoacetic acid 
by the latter in presence of liver is markedly reduced, though there is little 
change in the uptake of oxygen. Typical results are shown in Table V. The 

























Table V. Effect of propionic acid on oxidation of butyric acid by liver. 


Vo, Qacetoncetic acid 
Liver + butyric acid 0-017 M 13-3 4-2 
; + propionic acid 0-0017 M 14-3 3°6 
i = 0-01 M 15-6 1-8 
0-017 M 14-7 0-7 


addition of propionic acid to butyric acid at equivalent concentrations (0-017 /) 
lowers the Q,vctoaceticacia DY 84%. It is very likely that the effect of propionic 
acid is due to simple competition with butyric acid for the active surfaces 
involved in fatty acid oxidation. Another explanation, however, may be that 
propionic acid is converted in the liver into lactic acid or glucose which, according 
to clinical observation, exert antiketogenic effects. 

This conception was put to the test by examining the effects of glucose and 
lactic acid on the acetoacetic acid production from butyric acid. 


Effects of glucose and lactic acid on the oxidation of butyric acid in the liver. 


According to current conceptions the production of acetoacetic acid re- 
presents an incomplete oxidation of butyric acid; in presence of glucose the 
oxidation of the fatty acid should be increased and the production of acetoacetic 
acid decreased. Experiment (see Table VI) shows no effect, within experimental 


Table VI. Effects of antiketogenic substances on oxidation of 
butyric acid by liver. 


Glucose : Qo. Pacetoaceti acid 
Liver + butyric acid 0-017 M 9-9 2-5 
» glucose 0-017 M 9-9 2-8 
Liver + butyric acid 0-0017 M 6-6 ae ae a 
” + glucose 0-017 M 6-9 
Liver + crotonic acid 0-017 M 7-1 
po + glucose 0-017 M 6-7 


Lactic acid: 


Liver + butyric acid 0-017M 10-0 1-9 
+ lactic 0-017 M 10:8 7 









error, of glucose or of lactic acid at the concentrations used, on Q,, of liver 
in the presence of butyric acid or of crotonic acid, or on the acetoacetic acid 






production from these substances. 

The effect of glucose, therefore, as observed clinically, cannot be due to this 
substance per se in the liver. There is certainly no evidence under these physic- 
logical conditions that glucose combines with or removes acetoacetic acid; 
compare also the results of Wigglesworth [1924], who arrived at a similar 








conclusion. 
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Effect of glycogen on oxidation of butyric acid in the liver. 


On testing glycogen!, however, a different picture presents itself. Glycogen 
(see Table VII) brings about a marked decrease in the production of acetoacetic 


Table VII. Effect of glycogen on oxidations of liver. 


Qo. Vacetoacet acic 
Liver + butyric acid 0-017 M 9-9 2-5 
9 +glycogen (0-5 %) 7-0 1-0 
Liver + butyric acid 0-017 M 9-9 2-8 
* +glycogen (0-27 %) 7-8 1-8 
Liver + crotonic acid 0-017 M 9-5 371 
Pn +glycogen (0-25 %) 7-8 1-8 
Liver + n-hexoic acid 0-017 M 12-4 3-0 
% + glycogen (0-5 %) 7-8 1-6 


acid, but, contrary to current ideas, no increased combustion of the fatty acid. 
There is in fact a definite decrease in the Q,, in the presence of glycogen. This 
occurs with crotonic acid as well as with butyric acid. The results would be 
consistent with the hypothesis that glycogen induces a “‘sparing” of fat oxida- 
tion, in a sense similar to protein sparing, but further experiment will be 
necessary to establish this. The investigation so far does not support the con- 
ception that the presence of carbohydrate stimulates or completes fatty acid 
oxidation in the liver. 


Effects of increased phosphate concentration on the oxidation of 
butyric acid in the liver. 


As stated earlier the oxidation of butyric acid is carried out in a Locke- 
phosphate buffer solution, the phosphate buffer being //45 (py, 7-4). On in- 
creasing the latter concentration to M/15 (py, 7-4), a marked fall occurs in Q, 
and acetoacetic acid production. Typical results are shown in Table VIII. This 


Table VIII. Effect of increase in phosphate concentration on 
butyric acid oxidation. 


Phosphate 
concentration Qo, OF iiciectinucts 
Liver alone M/45 4-8 0-20 
» +butyric acid 0-017 MV - 10-0 2-00 
Liver alone M/15 2-0 0-10 
+ butyric acid 0-017 M re 4-3 0-73 


result is not due to any marked change in p,,. It seemed possible that the effect 
of the relatively high concentration of phosphate was due to removal of calcium 
ions from the medium and to an alteration of the ionic balance as a whole. To 
test this, phosphate buffer was replaced by sodium glycerophosphate? solution 
brought to py, 7-4. Such a solution acts as a very good buffer at this py,. It 
was found that both M/45 and M/15 glycerophosphate Locke media resulted in 
the production of the normal figures for Qo, and Qyrctoaceticacia (See Table IX). 


1 The glycogen used was a commercial (B.D.H.) sample. 
2 A commercial (B.D.H.) sample. 
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Table IX. 


Conc. of 


glycerophosphate Qo, Qacetoacetic acid 
Liver alone M/45 4:8 0-10 
» +butyric acid (0-017 M) - 10-0 3-61 
alone M/15 5-4 0-10 
» + butyric acid (0-017 M) se 12:3 4°31 


Increase of glycerophosphate concentration did not result in a fall of Qo, 
OF Of Q,nctoacetioacia: there was evidence rather of a small increase in these values. 
Using M/15 sodium glycerophosphate (p,;, 7-4) as buffer, replacement of 
Locke solution by saline resulted in a decided fall in Q,, and acetoacetic acid 
production (Table X). ; 
Table X. 


Nitroprusside _ Final 
Vo. reaction Pu 
Liver alone Locke sol. present 6-0 Trace 7-4 
os buty ric acid 0-017 M . 12-0 fb of 7-4 
alone Saline present 4-7 Trace 7-4 
» + butyric acid 0-017 M 71 : 7-4 


These results indicate the importance either of calcium ions, or of a proper 
balance of ions involving calcium, for the effective oxidation of butyric acid in 
the liver. The inhibitory effects of increased concentrations of phosphate ions 
may be due to removal of free calcium ions, though it is also possible that 
phosphates themselves may play a definite rdle in the mechanisms which 
regulate fatty acid oxidation. 


Comparison of liver, brain and kidney. 


The effects of liver, brain and kidney on butyric and crotonic acid oxidation 
were compared using the tissue slice method. Typical results are shown in 
Table XI. 

Table XI. 





Nitroprusside 
reaction 
Minced liver Nil 
butyric acid 0-017M Nil 
crotonic acid 0-017 M Nil 
Intact liver slices Nil 
butyric acid 0-017 M : 
crotonic acid 0-017 .M 
Brain (slices) 3:1 Nil 
butyric acid 0-017.M 3-0 Nil 
crotonic acid 0-017 M 2-0 Nil 
Kidney (slices) 12-2 Nil 
butyric acid 0-017 M 21-3 Trace 
crotonic acid 0-017 M 20-3 Trace 


Brain cannot oxidise butyric or crotonic acid; kidney oxidises both these 
substances but produces little or no acetone or acetoacetic acid (a result in 
confirmation of the work of Snapper and Griinbaum [1927, 2]). It is easy to 
show that in contrast to the liver, kidney rapidly breaks down acetoacetic acid 
but the mechanism of this decomposition has still to be discovered. 
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Effects of minced liver. 


Minced liver has practically no power to oxidise butyric or crotonic acid 
(Table XI). It was “minced” by squeezing the liver through a sieve of 1 mm. 
mesh. No obvious damage to the individual cells had occurred. Yet this 
rupture of the cell organisation as a whole had destroyed the ability of the organ 
to accomplish one of its most active metabolic processes. In this sense liver 
offers a distinct contrast to brain. This organ (again in contrast to the liver 
oxidises glucose freely, and minced or chopped brain is also very effective 
[Quastel and Wheatley, 1932]. It is apparent that with fatty acid oxidation 
in the liver a number of regulating factors are concerned, one at least of which 
(?a co-enzyme) depends for its stability or effectiveness on the integrity of the 
cell organisation as a whole. 


SUMMARY. 


1. A study has been made of the oxidation of fatty acids by guinea-pig 
liver using the Warburg tissue slice method. The following results have been 
obtained. 

(a) All fatty acids excluding formic acid increase markedly the respiration 
of liver; acetic acid has the least effect. 

(6) An optimum concentration for each fatty acid exists, above which any 
increase in concentration leads to a fall in Q,, and the production of acetone 
bodies. The rate of O, uptake is constant except with relatively high concentra- 
tions of the higher fatty acids, when the rate of O, uptake falls off rapidly. 

(c) In agreement with the results of perfusion experiments, all fatty acids 
with an even number of C atoms (including acetic acid) give rise to acetone 
(acetoacetic acid) production. Those fatty acids with an odd number of C atoms 
produce little or no acetone bodies. 

(d) The unsaturated acids, crotonic and isocrotonic acids, are vigorously 
oxidised to give rise to acetoacetic acid. 

(e) The fatty acids are more vigorously attacked, for equivalent concen- 
trations, than lactic acid, pyruvic acid or glycerol. 

2. A manometric method of estimating acetoacetic acid is described. 

3. Acetoacetic acid is not broken down appreciably to acetone and CO, in the 
liver; it is apparently the final oxidation product of butyric acid in this organ. 

4. The addition of propionic acid to butyric acid in presence of liver lowers 
Qacetoaceticacia (12M.* acetoacetic acid produced per hour per mg. dry weight of 
tissue) without affecting markedly the Q,, (mm.* O, absorbed per hour per 
mg. dry weight of tissue). : 

5. Neither glucose nor lactic acid affects the Q, 
for butyric acid in presence of liver. There is no evidence that glucose 
combines with or removes acetoacetic acid under the conditions of these 
experiments. 

6. Glycogen reduces the Q,, and Q, ccroncetic a 

7. Increase of phosphate concentration reduces Q,, and Q ; 
possibly by removing free Ca ions. Phosphate buffer may be effectively re- 
placed by glycerophosphate buffer; increase in concentration of this does not 
lead to a fall in Qo, OF Qyectonceticacias Replacement of Locke solution by saline 
results in a diminished oxidation of butyric acid by liver. 

8. Brain slices do not oxidise butyric or crotonic acid; kidney slices oxidise 
butyric and crotonic acids but little or no acetone or acetoacetic acid is formed. 

9. Minced liver cannot oxidise fatty acids. 
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CCXXXVII. THE DETERMINATION OF 
BROMINE IN BLOOD. 


By EDMUND DENYS YATES. 
From the Biochemical Laboratory, Cardiff City Mental Hospital. 
(Received October 31st, 1933.) 


THE suggested significance of blood-bromine concentration for the diagnosis of 
the psychoses, particularly of the manic-depressive type [Zondek and Bier, 
1932; 1933; Sacristan and Péraita, 1933], has resulted in much research to 
obtain a reliable method of blood-bromine estimation [Pincussen and Roman, 
1929; Pincussen, 1932; Bier and Roman, 1933; Moller, 1932; Behr et al., 1930; 
Toxopéus and Van Esvelt, 1930]. The method due to Roman, which has been 
widely used, has been subjected to some technical criticism [Fleischhacker 
and Scheiderer, 1933; Hahn, 1933; Holtz and Roggenbau, 1933], and while 
several accurate methods for the micro-estimation of bromide in the presence 
of excess chloride have been described [Bobtelsky and Rososkaja-Roseinskaja, 
1931; Baitschikov, 1931; Hartner, 1933; Bertram, 1933], no simple method for 
accurate estimation of bromine in blood seems to be available. 

The following method has been elaborated as the result of more than 300 
blood estimations, and has been found to give reliable and consistent results. 

Protein is first removed by precipitation with tungstic acid. An aliquot 
portion of the filtrate is treated with potassium hydroxide, evaporated to 
dryness, and heated at 500° for 20 minutes in a nickel crucible. The extract is 
acidified and the bromide oxidised to bromine by a chromic-sulphuric acid 
mixture. This is in such concentration that, while chloride remains unoxidised, 
bromide oxidation is complete [Bobtelsky and Rososkaja-Roseinskaja, 1931; 
Evans, 1931]. Bromine is removed by aeration and absorbed in starch-iodide 
solution. The iodine liberated is titrated with V/1000 sodium thiosulphate from 
a microburette [Pincussen and Roman, 1929]. 


Apparatus. 
The aeration apparatus is similar to that of Hartner [1933] and consists of 
a 100 ce. conical flask fitted with a two-holed rubber stopper. This carries a 
tube reaching down to the bottom corner of the flask and drawn out slightly 
at the end. Maximum aeration of the solution in the flask is thus ensured, when 
the latter is inclined at an angle of 60°, while small particles of solution are not 
carried over into the exit tube. The generation of carbon dioxide in situ by 
bicarbonate-acid mixtures, as suggested by Hartner, has been found unnecessary. 
The rubber stopper also carries a short glass tube bent at right-angles and 
connected to a small bubbler. The bubbler used by the author consists of a 
small test-tube (10 cm. x 1 em.), fitted with a rubber bung carrying an exit tube, 
and an inlet tube drawn out to a V-neck capillary at the bottom. A distance 
of not more than 2 mm. separates the bottom of this tube and that of the 
test-tube. 
1l1—2 
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Re agents re quire d. 

Solution No. 1. 10 % sodium tungstate. 

Solution No. 2. 2/3 N sulphuric acid. 

Solution No. Concentrated sulphuric acid (36N). 

Solution No. 4. 20g. of chromic oxide and 40 ce. of concentrated sulphuric 
acid in 120 ce. of distilled water. 

Solution No. 5. 10 % potassium iodide solution. 

Solution No. 6. 0-5 °% starch solution made according to the directions of 


Nichols [1929]. : 


im oS 


Procedure. 

A. Treatment of blood. Measure 5 cc. of oxalated blood into a 125 ce. conical 
beaker add 35 cc. of distilled water and allow the mixture to lyse for } hour. 

Add 5 ec. of 10 °% sodium tungstate solution, mix, and then slowly and with 
shaking add 5 cc. of 2/3 N H,SO,. Stand for 10 minutes. 

Transfer the bulk of the chocolate-brown mixture to a centrifuge-tube and 
spin at 3000 r.p.m. for 15 minutes. 

Pour off the supernatant liquid through a cotton-wool filter into a measuring 
cylinder. Place 35 cc. of the protein-free filtrate in a 100 ce. nickel crucible with 
l ec. of 25 % KOH (bromide-free) and evaporate to dryness on a boiling water- 
bath (1 hour). 

Heat the crucible in an electric oven at 500° for 20 minutes. 

Dissolve the white residue in 3 cc. of water and pour into a 100 cc. conical 
flask. Wash out the crucible with two further 2 cc. portions of distilled water, 
making the total volume in the flask equal to 7 ec. (+0-1 ec.). Cool to 18° and 
then proceed as follows. 

B. Estimation of bromine. Add slowly down the sides of the flask, with 
shaking and strong cooling under the tap, 2-5 cc. of conc. H,SO,. At least 
10 minutes should be taken for this procedure, and the first two drops, causing 
evolution of carbon dioxide, must be carefully added in order to prevent losses 
of hydrogen bromide in the gas evolved. 

Now add to the cold solution (18°) 4 ec. of the chromic-sulphuric acid solu- 
tion. Allow the solution to run all over the sides of the flask, quickly wipe the 
top of the flask, and then connect up to the aeration apparatus. 

This latter should contain 1 cc. of KI solution and 4 drops of starch solution. 

Aerate for about 2 hours with a steady stream of air (about 30 cc. per 
minute). Renew the absorption tube, and continue aeration for a further 
3 hours. 

Titrate the iodine liberated in these tubes with N/1000 thiosulphate. 


Remarks concerning technique. (The following remarks concern the details given in the 
paragraphs above. 

1. Treatment of blood, Lithium oxalate is usually free from bromide and causes no inter- 
ference with the estimation. 

If the lysed solution is allowed to stand for long pe riods, some loss of bromine occurs. 


Table Ll. Variation of bromine (y) found with time of lysis. 
Time of lysis 


Exp. 10 mins. § hour 1 hour 24 hours 6 days 


(a) 86 70 . 
(b) 150 94 


284 340 343 
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This is in accordance with the findings of Hastings and Van Dyke [1931] and Woodhouse 
and Pickworth [1932]. 

Losses occur if sufficient time is not given for the displacement of bromide from protein 
combination. 

Considerable losses are found if the evaporated filtrate is not heated at 500°. All carbonaceous 
and nitrogenous matter is thus removed. Some representative figures are given below. 


Table II. Variation of bromine (y) found with and without heating. 


With heating 293 40 265 42 38 
. Without heating 41 14 94 39 10 


The loss of titre found without heating is probably due to a loose combination between th 


bromine generated during oxidation and an unsaturated substance in blood. 

Cyanides are formed by moderate heating and these interfere with the reaction by the 
formation of bromocyanides [Lang, 1925]. 

Although, as Bobtelsky [1930] has shown, magnesium and manganese exert a catalytic effect 
upon the reaction when present in large concentrations, the small amounts present in normal 
blood cause no catalysis of chloride oxidation with the chromic acid mixture used. 

2. Estimation of bromide. The starch-iodide solution used for absorption is such that, while 
no iodine is carried over in the air stream, the blue colour which develops still remains in the 
presence of 0-4y of iodine. 

The time taken for the complete removal of bromine from the solution depends on the rate 
of aeration, but will also be limited by the rate of oxidation, which is slow with small concentra- 
tions of bromide. Large amounts may be estimated quite accurately using as short a time 
as 10 minutes [Hibbard, 1926]. For small amounts of less than 50y (ly is equivalent to 0-012 ce. 
of N/1000 thiosulphate), a longer time up to 5 hours is necessary [compare Bobtelsky and 
Rososkaja-Roseinskaja, 1931]. Some results of the author are given here for comparative purposes. 


Table III. Variation of bromide (y) found with time of aeration. 


(Figures in cc. N/1000 thiosulphate.) 


Titre in 1 hour 14-74 8-52 6-95 3°31 1-17 0-25 0-08 
Titre in 5 hours 15-37 9-00 7-10 3°43 1-35 0-38 0-09 
Theoretical titre 15°35 9-02 7-15 3°45 1-36 0-38 0-10 


Recovery of added bromide. 
Some figures for the recovery of potassium bromide added at various stages in 
the estimation are given below. 


Table IV. 


Added to tungstic Added after 
Added to whole blood acid filtrate ignition 
\ ——<—— cman ¢ 
Blood Blood 
value Added Recovered value Added Recovered Added Recovered 
Y 7 7 7 az = ir 7 
27 20 17 38 50 47 10 9 
27 50 50 950 60 57 50 49 
186 LOO 105 25 240 238 70 68 
950 100 98 — - 1470 1465 
950 60 54 oe ss ook : et 


CRITICAL DISCUSSION. 
A. Initial treatment of blood. 


The methods for the preliminary treatment of blood for bromide estimation 
hitherto recommended, have usually involved an ashing process lasting several 
hours (compare, however, Hastings and Van Dyke [1931)). 
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Ignition method. The experience of many authors with iodide estimation 
indicates that some loss occurs with open ashing, even when the temperature 
is carefully regulated, and the alkali is present in some excess [Orr and Leitch, 
1931; Reith, 1930; Allott et al., 1932]. As a result closed combustion has been 
recommended [Schwaibold and Harder, 1931; Widmann, 1932]. This loss does 
not appear to take place in- bromide estimations [Bier and Roman, 1933], 
although little systematic work has been published. Pincussen and Roman 
recommend a temperature of 460-475° in the presence of 2 cc. of 50 % KOH. 
The blood-extract after ignition has a pale yellow colour which is not removed 
completely either by charcoal [Bier and Roman, 1933], or barium sulphate 
[Turner, 1930], and is probably to be attributed to small particles of carbon in 
a colloidal or semicolloidal state. Prolonged ignition moreover does not remove 
the colour but causes loss of bromide. Using this method, the author has found 
that added bromide is not quantitatively recovered from blood when the former 
is estimated by the chromic acid method described above. 




























Table V. Recovery of bromide (y) from ignited blood-extracts. 


Bromide in blood alone 76 43 198 l 
Bromide in blood + 50y Br- 110 92 242 l 
Recovery of bromide 34 49 44 45 


» 
‘ 


( 


} 

The effect is not due to a reduction in the oxidation potential of the chromic 
acid mixture by the blood-salts present, nor was any considerable loss observed 
by using nickel crucibles instead of platinum [compare Behr ef al., 1930; 
Turner, 1930]. 


Table VI. Effect of type of ignition vessel (mg. Br- per 100 cc.). 


Platinum 0-54 0-97 2-00 0-98 0-26 5-16 0-79 
Nickel 0-52 0-93 1-83 0-98 0-27 4-82 0-77 


The losses may possibly be due to the adsorption of bromine ions from the 
strongly acid oxidation mixture by carbon particles [compare Tezler, 1926]. 

The relatively low values for blood-bromine usually obtained by the ignition 
method become more apparent when compared with those obtained by the 
precipitation technique described below. 


Table VII. Comparison of ignition and precipitation methods 
for blood-bromide (mg. per 100 cc.). 


Ignition in platinum vessel 0-52 0-14 1-8: 
Precipitation with tungstic acid 0-60 0-18 2-1 


Precipitation method. The preliminary treatment of blood by the Folin-Wu 
method (precipitation with tungstic acid) involves certain approximations. It is 
assumed that the bromine present distributes itself equally between the protein 
precipitate and the aqueous filtrate. The observation of Pincussen [1929] that 
1/3 of the bromine in normal blood is in the state of a non-diffusible organic 
compound [compare also Guillaumin and Merejkowsky, 1933], suggests that 
relatively large quantities of bromine may be present preferentially in the 
protein precipitate, as found with blood-iodine. All the evidence, however, 








indicates that any organic bromine compound, if present, is readily decomposed 
either by mild acid or alkali. 

Large concentrations of bromide appear to be distributed equally between 
precipitate and filtrate, and Hastings and Van Dyke [1931], using a modified 
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Folin-Wu technique, have been able to recover bromide quantitatively (to 
within 0-02 mg. Br) from serum and cells on this assumption. 

The author has investigated the distribution of the much smaller amounts 
of bromine present in nor mal blood and finds a similar equality of distribution. 
The bromine content found by taking a known volume of filtrate is in close 
agreement with that found after w ashing the protein precipitate with successive 
lots of 50 cc. of water. 


Table VIII. Bromide (y) recovered by washing the precipitate. 


Br found in Br found in Br found in Total Br calc. 
blood-filtrate first washing second washing Total Br from that found 
(vol. 75/100 cc.) of ppt. of ppt. found in blood-filtrate 
56 14 4 74 75 
47 9 — 56 63 
45 9 3 58 60 
80 15 — 95 107 
183 60 10 253 257 


Estimation of bromine in the precipitate by the ignition method gives 
similar results. 


1. Bromine found in blood-filtrate ai oes oe 393y 
2. Total bromine found by ignition ace Sas ies 493 y 
3. Total bromine calc. from (1) ... sia ae a 524y 
4. Bromine found in precipitate (ignition) i oes 118y 
5. Bromine in ppt. cale. from (1) oes ae Bes I3ly 


It is clear that the water-extractable bromine is distributed fairly evenly 
between the precipitate and filtrate and this is perhaps to be expected in view 
of the almost complete dissociation of protein salts in dilute solutions [| Lewis, 
1931], and the large effect of neutral salts in reducing any tendency for the 
establishment of a Donnan equilibrium [Bolam, 1932}. 

Treatment of the blood-filtrate with silver nitrate and removal of the silver 
halides by centrifuging has indicated that, even when the blood-bromide is as 
high as 78 mg. per 100 ce., only extremely small amounts of bromine remain 
in the solution (less than 0-1 mg./100 cc.), which may perhaps be accounted 
for in the method, especially in view of the strong catalytic effect of small 
concentrations of silver upon the chromic acid oxidation of hydrochloric acid 
[Bobtelsky, 1930; compare Moller, 1932]. 


B. Estimation of bromide. 


A method for the estimation of bromide solutions by a single oxidation must 
not be sensitive to variations of the concentrations of the other salts present. 
It must allow for the catalytic effect of metallic ions, if any, while it must have 
a sufficient H ion reserve to make it insensitive to changes of H ion of the same 
order as that of the bromide estimated. The only available method of this 
character appears to be that of Hartner [1933], and this the author has not 
found to be satisfactory. The chromic acid mixture described above is to be 
preferred since it allows a greater range of bromide estimation in virtue of its 
larger concentration of hydrogen ions and of chromic acid, while at the same 
time it is stable to atmospheric oxidation, does not decompose on keeping and 
is not catalysed by the small amounts of iron, manganese and magnesium 
present in blood. Tungstic acid and nickel salts do not interfere. The theoretical 
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limit of accuracy of the method is 0-5y Br’ in the presence of 100 mg. of Cl’, 
this, in practice, being found to be 2y Br’ [compare Bobtelsky and Rososkaja- 
Roseinskaja, 1931}. 

The conditions for the accurate estimation of bromide in the presence of 
chloride using chromic-sulphuric acid mixture here found are in close agreement 







with those given by Bobtelsky and Rososkaja-Roseinskaja [cf. also, Evans, 


1931]. 9-0 N sulphuric acid is recommended, while 3-5 ° CrO, are also present 
(these authors give 5 % CrO,). The concentration of chromic acid has little 







effect upon the oxidation potential of the mixture at sulphuric acid concen- 





trations above 4N. 

Results of the estimation of synthetic mixtures of various salts are given 
below. It has been found that chemically pure potassium chloride is difficult 
to obtain, the chloride used having a bromide content of 0-014 °% [cf. Bobtelsky, 







( 


1930; Hahn, 1933]. Some estimations on chloride samples are given in Table X. 

























Table IX. Effect of various ions on bromide estimation. 


Concentration of ions per L100 cc. *Bromide’’ found (y) using 

= H,SO, conc. of 
Br Cl - 

4 me. Other ions 5-DN 8-3.N 9-0.N 10-5.N 14-0 N 
100 3-5 g. CrO, 78 97 99 99 

60 Do. — i 58 61 = 
50 - Do. 15 48 50 

10 Do. 9 ~ 
100 50 Do. 58 105 118 183 
a0) 50 Do. — 51 58 

0 50 Do. - 7 22 130 
100 50 Do. + N/10 Na,SO, 60 : 104 112 120 
50 50 Do. +5 mg. MgSO, 52 
100 50 Do. + N/10 tungstiec acid : 107 — 
100 50 1-5 g. CrO, 63 90 102 153 


Table X. Estimation of bromide (y) in potassium chloride. 


Specimen used 


Wt. KCl taken B.D.H. A.R. Crystallised Crystallised 
mg. (untreated) twice 5 times 
10 


15 7 


3 
50 28 
100 53 — — 


Experiments are proceeding to determine the significance of blood-bromine 
in the psy choses. 


SUMMARY. 


1. A method for the micro-determination of bromine in 5 cc. of blood is 
described and critically discussed. 
2. The method is accurate to within 2y for amounts of 5-L000y of 


bromine. 


The author wishes to express his indebtedness to Dr J. H. Quastel, for his 
advice and criticism and to his medical colleagues for their willing co-operation 


in the collection of blood samples. His thanks are also due to the Medical 
Research Council for a grant. 
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Tue alkali digestion method for the colorimetric estimation of vitamin A which 
was first adopted by Rosenheim and Webster [1927], is used in this laboratory 
both in work upon tissues from experimental animals and upon samples of 
human liver obtained at autopsy [Moore, 1932]. Since the latter work has in- 
volved large numbers of determinations on specimens available at varying times 
after death it appeared desirable (1) to study the technique of the method with 
a view to simplifying the procedure as far as possible so as to permit rapid 
working, (2) to examine the effect of ageing on the stability of the vitamin in 
case unsuspected deterioration should be taking place. The present paper is 
concerned with the collection of information on these two points. 

























EXPERIMENTAL. 
Standard procedure for determination of vitamin A in liver samples. 


In early experiments Moore [1930] extracted the vitamin A from alkaline 
digests of rat liver by four extractions with ether and washed the combined 
ether extracts with three changes of water. This procedure presumably ensured 
almost complete extraction of the vitamin and was therefore suitable for appli- 
cation in a limited number of experiments when the reliability of the results 
was of primary importance. In routine work however the large number of 
extractions and washings with indefinite volumes of water involves loss of time, 
both directly and through the increased danger of the formation of emulsions. 
Steps were therefore taken to simplify the technique so as to obtain results of 
reasonable accuracy in rapid routine work. It was found that if the digest was 
given a preliminary shaking with a small proportion of alcohol a single ether 
extraction was sufficient to extract almost all (usually 90 % or more) of the 
vitamin A. Moreover, two washings of the ether extract were sufficient to secure 
freedom from alkali, while by adherence to the correct proportion of alcohol, 


0 







ether and water the formation of emulsions could be avoided except in rare 






instances. By the use of the following method it is possible to average 3-4 assays 
per hour. 

Extraction of vitamin. About 5 g. liver are weighed to the nearest 0-1 g. in 
a 50 ce. beaker, and minced with scissors into 10 cc. of 5 % aqueous KOH. 
(In the case of specimens of human liver collected at hospitals a convenient 
plan is to place the specimen in a small bottle containing the potash. Mincing 
may be postponed until the specimen is received in the laboratory.) The 
material is then transferred to a 50 cc. conical flask, which is corked and placed 
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in cold storage if the determination is not to be carried out at once. To digest 
the tissues the mixture is heated, preferably in a steam-oven, until complete 
solution has taken place. The digest is then transferred to a 100 cc. graduated 
funnel and is shaken strongly (for about 10 secs. each time) first with 5 cc. of 
ethyl alcohol and then with the addition of 50 cc. of ether. (B.D.H. “A.R.” 
ether and ether of sp. gr. 0-730 give identical results in ordinary work.) The 
layers are allowed to settle out, and the aqueous layer is discarded. 5 cc. of 
water are now added and vigorously shaken together with the ethereal layer. 
After settling, the aqueous layer is discarded and the washing completed by 
gentle agitation with 50 cc. of water. The ether fraction is next filtered by 
suction through a layer of anhydrous sodium sulphate!, contained in a sintered 
glass funnel, into a 100 cc. wide-necked flat-bottomed flask (as used in Soxhlet 
extractions) the sulphate being washed with a little ether. The ether is evapo- 
rated off rapidly on a water-bath, preferably under suction from a filter-pump. 

Colorimetric assay. The residue after evaporation, which should be quite 
clean and dry in appearance’, is dissolved in 5 cc. of chloroform (a further 
dilution is sometimes necessary in the case of specimens giving high values). 
Portions of this solution, varying from 0-02 to 0-5 cc., according to the amount 
of vitamin present, are delivered by an appropriate blood pipette into a 1 cm. 
cell, or a test-tube of 1 em. bore which has been checked against a cell. The 
volume is made up to 0-5 ec. with chloroform, and the pipette is washed out by 
sucking up the chloroform and expelling it again. 2 cc. of the SbCl, reagent 
are then added and the blue colour, which should give a reading of 3 to 5, is 
matched quickly in a Lovibond tintometer. Results are calculated in Moore’s 
units as follows. 

Example. 4-9 g. of liver were digested and extracted. Residue from extract 
was dissolved in 5 cc. CHCl. 0-02 ce. of this solution made up to 0-5 ce. with 
CHCl, gave a reading of 4 B 1 Y (neglected). 





0 ~ . “2 > 
9 = 900 to nearest significant figure. 


The 2-5 in the top line of the calculation refers to the total volume of the 
reaction mixture. 


Blue units (B.U.) per g. of liver=* 


The effect of various modifications in the technique of extraction 
on the apparent vitamin A content. 

The following experiments were carried out on various specimens of ox-, 
pig- and sheep-liver with a view to testing the efficiency of the above technique 
and examining the effect of variations in procedure. 

Technique of digestion. Portions of ox-liver (specimen A) were digested for 
varying periods (10-90 minutes) with 5 °%, or in one case 10 %, aqueous KOH. 
The digests were then extracted and the residues assayed in the usual way. 
Although the technique of digestion affected the yield of fat (i.e. the degree of 
saponification) and consequently the blue value per unit of fat, there was no 
variation in the blue value per g. of liver. 


1 The anhydrous sodium sulphate used in this work was supplied by Messrs B.D.H. and had 
given good results over a number of years. Just after sending this paper to press, however, the 
quality of sulphate supplied was changed. The new sulphate, which was a much finer powder, was 
quite valueless when used in the way described in the text. Dr F. H. Carr kindly submitted 
alternative types of sulphate for trial. The quality described as ‘“‘dense” gave satisfactory results. 

* The presence of moisture will cause clouding on adding the SbCl, reagent. This clouding 
may be prevented by adding a drop of acetic anhydride before the reagent, but resort to this 
procedure should be unnecessary if the extraction is carried out coriectly. 
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The action of alcohol in facilitating the extraction of the vitamin. The purpose 
of using alcohol is both to prevent the formation of emulsions and to facilitate 
the extraction of the vitamin. The ability of ether, unaided by alcohol, to extract 
the vitamin from the alkaline liver digests varied from specimen to specimen. 
The examples given below will serve to illustrate this point. 

Example 1. Good extraction of vitamin A by ether alone. 5 g. of ox-liver (B) 
were digested by heating. Extraction with 50 cc. of ether alone yielded 1000 B.U. 
per g. of liver. A second extraction with 50 cc. of ether and 5 cc. of alcohol 
vielded 62-5 B.U. per g. Most of the vitamin A in this case, therefore, could be 
obtained by one extraction with ether in the absence of alcohol. 

Example 2. Poor extraction of vitamin A by ether alone. 5 @. of pig-liver (C) 
were digested by heating and were extracted with 50 cc. of ether, yielding 5 B.U 
of vitamin A per g. A second extraction with 50 cc. of ether and 5 cc. of 


alcohol yielded 20 B.U. per g. Conversely when 5 g. of liver were first extracted 
with 50 ec. of ether and 5 cc. of aleohol 20 B.U. per g. were obtained, while a 
second extraction with 50 cc. of ether and 5 cc. of aleohol gave only 7-5 B.U. 
per g. In this case therefore ether by itself extracted only a small proportion 
of the vitamin, but by using ether and alcohol most of the vitamin could be 
obtained in the first extraction. 

Similar results were obtained in the case of a sample of pig-liver (D) richer 
in the vitamin, which gave a result of 500 B.U. per g. when the extraction was 
carried out by gentle shaking (5 secs.) with ether in the presence of alcohol, 
but only 100 (gentle shaking for 4 secs.) to 200 B.U. per g. (vigorous shaking 
for 30 secs.) in the absence of alcohol. These results afford a good illustration 
of the action of alcohol in facilitating the extraction of the vitamin. 

The technique of digestion also appeared sometimes to affect the ease of 
extraction by unaided ether. Thus in one series of experiments on pig-liver (E) 
the surprising result was obtained that ether could extract the vitamin after 
digestion of the tissues at room temperature, but not if the digestion had been 
carried out by the usual procedure of heating in a steam-oven. The disadvan- 
tages of using unheated digests in routine work lie in the danger of forming 
emulsions, and loss of time through blockages in the separating funnel. 

Efficiency of the standard process of extraction. The following examples will 
serve to indicate the proportion of the vitamin extracted. 


lst extraction 2nd extraction 
(alcohol and ether) B.U. 3rd extraction 
Sheep-liver (F) 1250 25 — 
Ox (G) 350 30 0 
Human (H) 25 0 — 
Pig (C) 20 7-5 -— 


In all cases the bulk of the vitamin was obtained in the first extraction. 

Comparison of the alkali digestion method with the Soxhlet extraction method 
using various solvents. A specimen of fresh ox-liver (I) giving 55 B.U. per g. 
by the alkali digestion method was weighed and minced finely. Portions of 
5 g. each were taken, mixed with an equal volume of anhydrous sodium sulphate 
and extracted for 1 hour in a Soxhlet extraction apparatus with the following 
solvents—ether, light petroleum, chloroform, acetone, benzene. Although the 
amount of material extracted seemed to depend largely on the solvent used, 
the yield of vitamin A remained constant. Thus, in confirmation of the work 
of Simmonet ef al. [1931] and of Wolff [1932] good agreement was observed 
between results obtained by the Soxhlet and alkali digestion methods. 
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Rate of deterioration of vitamin A in untreated liver and 
liver digests on standing. 


A large specimen of ox-liver (J), rich in vitamin A, was minced, stirred up 
and divided into 5 g. portions, which were divided into 3 groups and treated 
as follows: Group (1) immediate digestion by heating with 5 % KOH: 
Group (2) slow digestion by KOH at room temperature. Group (3) storage 
at room temperature without any preservative treatment. Portions from each 
group were taken at intervals and the vitamin A content assayed by the standard 
procedure. The results of this experiment, and also those of a similar experiment 
using a pig-liver (K) of low vitamin A content, are shown in Table I. 


Table I. Rate of deterioration. 


Group 3 


Group | Group 2 Standing without 
Digested by heating Digested by standing KOH at room 
Time in days in 5% KOH at room temperature temperature 


Ox-liver (high vitamin A reserves). 


0 1000 1000 L000 
3 1000 1000 1000 
7 1000 1000 600 
14 1000 1000 400 
42 600 600 400 


Pig-liver (low vitamin A reserves). 


0 20 20 20 
7 20 20 10 
14 20 17-5 8 
21 15 10 4 
28 10 8 ] 
35 3 10 0 
42 3 12-5 0 


It will be seen that some deterioration took place in all groups after pro- 
longed standing. Deterioration, however, was less rapid in the liver treated 
with alkali than in the untreated liver. Thus in the untreated liver definite 
signs of deterioration were evident in 7 days, while no deterioration (except 
for a very small fall in the case of the pig-liver, group 2) took place in 14 days 
in the liver treated with alkali. In the ox-liver treated with alkali deterioration 
to the extent of 40 °% was observed after 6 weeks. In the pig-liver deterioration 
was more rapid. 

DISCUSSION. 


The procedure for the estimation of vitamin A in tissues described above is 
designed to permit rapid routine work upon specimens showing very wide 
variations in vitamin A content, as found in human livers, and is not intended 
for use when the highest attainable accuracy in individual experiments is re- 
quired. For work of this type it is recommended that the alkaline digest should 
be extracted twice or three times with ether, and that the fat obtained should 
be saponified before carrying out the colorimetric assay. The effect of these 
refinements on the final result would vary slightly from specimen to specimen. 
Additional extractions might be expected to increase the final result by as muchas 
10 %. Saponification should have little effect in the case of normal mammalian 
specimens, but might cause increased results in the case of livers of abnormally 
high fat content. 

Similarly the experiments on the determination of the vitamin have not 
been carried out with a view of ascertaining the ideal conditions for ensuring 
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its stability, but rather to obtain information as to its behaviour under routine 
conditions involving periods of storage at ordinary temperatures, e.g. during 
transmission by post. Under these conditions the vitamin is more stable in 
alkali than in untreated specimens, and the tissues should therefore be placed 
in potash immediately on dissection for this reason as well as for the further 
consideration of the removal of danger to the worker in the case of pathological 
specimens. The results indicate that there is little danger of deterioration in 
digested specimens provided the assay is carried out within 14 days after death. 


SUMMARY. 


A simplified form of the alkali digestion process for the assay of vitamin A 
in tissues by the colorimetric method has been devised. The process permits 
rapid working and gives results substantially in agreement with those obtained 
by the Soxhlet extraction method. 

At room temperature vitamin A deteriorates less rapidly in liver specimens 
treated with potash than in untreated tissues kept without preservative treat- 
ment. In the case of specimens of liver transferred immediately post mortem to 
potash solution and then stored at room temperature no serious decrease in 
vitamin A content is to be anticipated if the assay is carried out within 14 days 


after death. 


My thanks are due to Dr T. Moore for suggesting this work, and to Dr L. J. 
Harris for his valuable criticism. I am also indebted to Prof. Myra Sampson 
for access to certain results obtained during her visit to this laboratory. 
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CCXXXIX. STANDARDISED COLLODION 
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From the National Institute for Research in Dairying, University of Reading. 
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THE value of ultrafiltration as a research weapon is indicated by its increasing 
use in biological science for separating colloid-free filtrates from colloidal solutions. 
The modern tendency, following Bechhold [1907], is towards the use of metallic 
apparatus embodying flat membranes through which filtration is effected under 
high pressure. For many purposes such technique is invaluable provided due 
attention is paid to the fundamental principles underlying ultrafiltration [see 
Augsberger, 1925; Elford, 1933]. However, when ultrafiltrates are required for 
quantitative analysis, ultrafiltration through collodion tubes at rather low 
pressures (about 100 mm. Hg) is often to be preferred for the following reasons. 

It is not to be expected that ultrafiltration of biological fluids under several 
atmospheres pressure will yield filtrates typical of living processes—as witness 
the significantly higher values for ultrafiltrable calcium obtained by Nicholas 
[1932] who ultrafiltered blood-serum under 10 atmospheres pressure, compared 
with those reported by numerous investigators using much lower pressures. 

An unavoidable defect of high pressure ultrafilters is that the solution being 
filtered must come into contact with metallic surfaces and usually with rubber- 
fibre gaskets. Further, metallic ultrafilters are costly to construct. 

The technique to be described was primarily devised for measuring ultra- 
filtrable blood-serum-calcium though it may be adapted to other similar 
purposes. For the reasons indicated above it involves filtration under 120 mm. 
Hg pressure through collodion tubes of standard permeability. 


EXPERIMENTAL. 


Ultrafiltration apparatus. One unit of the all-glass apparatus is illustrated in 
Fig. 1. The filtration head carrying a collodion tube of about 10-5 cc. capacity 
fits into the receiver by means of a standard ground joint. The collodion tubes 
are made of such a diameter that they will slide nicely over the widened end of 
the tube A. They can be made closely to adhere to the latter by carefully heating 
round the groove over a micro-flame. A binding of thin twine gives added 
security to the joint. 

Filtration under excess positive pressure (120 mm. Hg) is preferred to the 
use of suction as recommended by Greenberg and Gunther [1930] as the risk of 
concentration of the filtrate by evaporation is thereby minimised. For this 
purpose nitrogen at a known constant pressure is supplied to tube A (Fig. 1) by 
means of the apparatus described by Folley and Peskett [1933]. As a further 
precaution against evaporation of the filtrate the side-tube B is connected to a 
wash-bottle containing a liquid approximately isotonic with the ultrafiltrate. 
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A battery of six identical units connected in parallel to the pressure supply 
and wash-bottle is in use at the present time. 

Procedure. A collodion tube taken from store under ice-cold water is tied to a 
filtration-head and the last traces of water removed from its interior by means of 
a blunt-tipped pipette introduced through A. These operations must be done as 
rapidly as possible so that the membrane does not dry. The latter is thrice 
washed out with 3 cc. portions of the fluid to be filtered the last traces remaining 
from the third washing being removed with the special pipette as before. 
Violent shaking during washing is avoided so as to minimise frothing. Then 
10 ce. of the solution to be filtered are measured into the membrane, the outside 
of the latter dried with filter-paper and gas pressure applied to A. After 
10 minutes the liquid which appears on the outside of the membrane (mainly 
water expressed from its pores) is removed by filter-paper and collection of the 
filtrate in a dry receiver begun. 


Binding 


Membran 


Fig. 1. All-glass ultra- Fig. 2. 
filtration apparatus. 


In determinations of ultrafiltrable calcium in blood-serum, filtration is 
allowed to proceed for 24 hours by which time, with the grade of membrane used, 
about 2-3 cc. of filtrate are obtained. For analysis 2 ce. are required, the 
remainder being used to test for absence of protein. Analyses of ultrafiltrates ob- 
tained by careful use of this technique show good agreement between duplicates, 
as the following results indicate. The numbers of cc. of N/200 KMnO, required 
to oxidise the oxalate, obtained by the Clark and Collip [1925] method from 
1-21, 1-21 and 1-09 respectively. The titres for three ultrafiltrates of another 
bovine blood-serum were 1-26, 1-16 and 1-26 cc. 

Preparation of collodion tubes. Factors which influence the permeability of 
collodion membranes include the nature and concentration of the collodion 
solution, its water content and the time for which evaporation of solvents from 
the hardening film is allowed to proceed. In quantitative work the importance 
of using membranes with standard properties needs no emphasis and since the 


2 cc. of each of four ultrafiltrates of a sample of bovine blood-serum, were 1-20, 


usual technique of making collodion membranes allows little control of the 
aforementioned factors the following standard method of preparation was 
devised. In some respects it is similar to a method described by Pierce [1927]. 
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A clean and dry test-tube ground flat at the top is filled with collodion and at 
once covered by a glass square. When the solution is free from bubbles the tube 
is inserted into the glass evaporation chamber shown in Fig. 2. It is held in the 
position shown in Fig. 2 by means of a suitable holder made from wire. The tube 
is uncovered and the evaporation chamber closed by inserting a rubber bung 
carrying a metal funnel closed at the bottom by a rubber sleeve and spring-clip. 
The membrane is cast by rapidly inverting the apparatus and rotating slowly in 
the hands at a suitable angle for precisely one minute, after which it is clamped 
in the inverted position, the collodion which has collected in the funnel run off 
and a metal tube pushed through the stem of the funnel into the position shown 
in Fig. 3. It is important that the funnel and tube be made of metal since glass 
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components frequently break. The rubber connections shown in Fig. 3 are 
rapidly made, and at the end of 2 minutes from the start of the casting the taps 
are opened so that a stream of dry air is drawn through the apparatus and flows 
over the collodion film. The air is dried by passage through a train consisting of two 
sulphuric acid wash-bottles, two soda-lime tubes and two calcium chloride tubes. 
The efficiency of the drying train was tested by placing a weighing bottle containing 
sulphuric acid in the evaporation chamber, while the air stream was passed for two 
hours. The sulphuric acid did not appreciably increase in weight during this time. 

Variations in the rate of flow are eliminated by constant manipulation of the 
fine-adjustment valve (Fig. 3), which consists of a large screw-clip with a long 
handle and fitted with springs to prevent backlash, in such a way that the 
flow-meter reading remains steady. After an accurately measured period of time 
the air-flow is cut off, the tube containing the membrane immersed in distilled 
water, the membrane extracted from the tube and washed in running distilled 
water for some 24 hours. 

Collodion tubes of varying permeability may be made by utilising different 
evaporation periods or air-flow velocities. For the purpose mentioned above 
these values are so chosen that the membranes are quite protein-tight and 
strong enough to withstand the ultrafiltration pressure while giving a satisfactory 
filtration rate. The membranes referred to in an earlier section are prepared by 
evaporating at 22° for 15 minutes with an air flow of 13 litres per hour. 

The ether-alcohol nitrocellulose solution ‘‘Necol” supplied in 3 lb. cans by 
Nobel Industries Ltd. has proved satisfactory for making both protein-tight and 
protein-passing membranes. The dilution used is given below, the whole contents 
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of each can being diluted immediately it is opened. In making membranes the 
excess collodion must not be used again. 

Necol - r _ 40 g. 

Dry ether ... ; pes 12 cc. 

Dry absolute alcohol oe 8 ce. 


Membrane permeability. Information as to the reproducible nature of the 
membranes can be obtained by comparison of the rates of flow of water through 
a given area under given conditions of te mperature and pressure. These measure- 
ments are made by means of the apparatus shown in Fig. 4, the necessary flat 
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Fig. 4. Jena glass apparatus for membrane permeability measurements. 


membranes being obtained by opening up collodion tubes with scissors. The 
apparatus when assembled is connected to the constant pressure nitrogen supply 
and the flow of water along the 1 cc. pipette timed with a stop watch. 

It is of interest to note here that if these measurements are made on mem- 
branes unsupported by metal gauze, the velocity of water flow shows a gradual 
decrease with time, finally becoming constant. This is partly due to a slow 
reversible stretching of the membrane since when the latter is mechanically 
supported the phenomenon is not so pronounced. 

The following rates of flow were observed for membranes selected at random 
from two batches made on different days: 

Temperature 21°. Pressure 50 mm. Hg. 
Constant membrane area (approx. 6-2 cm.?). 
Flow 0-46, 0-50, 0-41, 0-46, 0-43, 0-41 mm.* per sec. 


Keeping in mind the conditions under which these measurements were made, 


these results show that membranes of reproducible permeability can be made by 
the method described. 


SUMMARY. 


A technique has been evolved whereby collodion tubes of standard and repro- 
ducible permeability can be made. Details are given of a method of low pressure 
ultrafiltration making use of these membranes. The method has been used to 
determine ultrafiltrable calcium in bovine blood-serum. 


I wish to express my thanks to Mr G. L. Peskett for helpful suggestions. 
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INCREMENT OF THE PROCESS. 


By WILFRID JAMES LOUGHLIN. 
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(Received September 18th, 1933.) 


In a recent series of publications Northrop [1930, 1, 2; 1931] has advanced very 
strong evidence that pepsin is a protein. Starting from commercial pe psin, by 
suitably regulating the p, and precipitating with the aid of magnesium or 
ammonium ‘sulphate a crystalline product was obtained which had the general 
properties of a protein. In particular, solutions of this crystalline pepsin were 
coagulated by heat, and Northrop states that the inactivation of the enzyme 
either by heat or by alkali is quantitatively proportional to the denaturation 
of the protein. A successful effort was made [1931] to reactivate denatured 
inactivated pepsin along the lines used by Anson and Mirsky [1929; 1931, 1, 2] 
for the reversal of the denaturation of certain proteins, and the product obtained 
was identical with the original freshly prepared material, both in general 
properties and in its specific prote olytic activity. It seems safe to conclude 
therefore that the crystalline pepsin is in fact a protein. More recently 
Northrop [1932, 2] has shown that trypsin can similarly be obtained in a 
crystalline form and has the properties of a protein, whilst Sumner [1926] claims 
that the crystalline urease prepared by him is also a protein. 

Work has been proceeding in this ‘Department for a number of years with 
a view to determining the mechanism of the process of the denaturation of 
proteins. In this connection the conclusions mentioned above are of great 
importance, for if the processes of inactivation and denaturation of the crystalline 
enzymes do go hand in hand, then an investigation of the heat-inactivation of 
the enzymes might yield valuable information regarding the mechanism of the 
process of denaturation, especially as the rate of inactivation can be determined 
experimentally with great accuracy by a number of different methods. Conse- 
quently an investigation of the heat-inactivation of crystalline pepsin as 
prepared by Northrop was undertaken, and the results obtained are given in the 
present communication. 

EXPERIMENTAL. 

The crystalline pepsin used in the present investigation was prepared from Parke Davis pepsin 
u.s.P. 1: 10,000 in the manner described by Northrop [1930, 1] using magnesium sulphate. The 
product was then purified by several recrystallisations in the manner given by Northrop, and the 
material thus obtained was tested exhaustively as described below, to ensure that it was identical 
with that obtained by Northrop himself. 

When viewed under a microscope the pepsin was found to consist of transparent, colourless 
dihexagonal bipyramids, the slight yellow colour observed in the first. crop of crystals having 
gradually been removed in the recrystallisation process. After drying, the crystals dissolved with 
difficulty, and the solution obtained was coagulated by heat. The pepsin was precipitated on 
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saturating the solution with either magnesium or ammonium sulphate. Positive results were 
obtained for the biuret reaction and for the xanthoproteic reaction. Polarimetric measurements 
gave a value for [«]j, of —70-5° compared with Northrop’s values of between —68° and —72 
The nitrogen content as obtained by several micro-Kjeldahl determinations was 15 %. Reference 
to Northrop’s paper [1930, 1] will show that all these tests are in agreement with those obtained 
using his preparations. It must also be shown, however, that the writer’s pepsin has the same 
proteolytic activity as that of Northrop’s preparation. 

The method recommended by Northrop for its accuracy and rapidity and selected by the 
author is that in which a given quantity of the enzyme is allowed to act on a caseinogen solution, 
and the rate of hydrolysis is followed by measuring the change produced in the viscosity of the 
protein solution at various time intervals. 

Briefly, the method consists of adding different known weights of pepsin dissolved in a given 
volume of water to a known volume of a caseinogen solution and measuring the viscosities of the 
mixtures at definite time intervals. From the results obtained a series of viscosity-time curves are 
plotted and from these the gradients at zero time are measured. From the gradient of the curve 
it is a simple matter to obtain the percentage decrease in viscosity produced per minute, and the 
arbitrary unit of activity is then described as this value divided by the number of mg. of pepsin- 
nitrogen present in the mixture. The value of this unit should of course be the same (within the 
limits of experimental error) independently of the curve from which it was obtained. The mean 
value of the unit obtained from determinations carried out with five different concentrations of 
pepsin was 1350. Similar treatment when applied to four curves given by Northrop [1932, 1] gave 
a value of 1250. As a considerable experimental error is possible both in calculating the time 
interval after mixing the pepsin and protein solutions and also in the extrapolation of the 
viscosity curves to zero for the measurement of the gradient, this agreement may be taken as being 
satisfactory. Furthermore the value 1350 agrees with the various values obtained by Northrop 
from different preparations over a number of years. It may therefore be taken that the activity 
of the writer's preparation as measured by the caseinogen viscosity method is the same as that of 
the various Northrop preparations. A further indication that the activities are identical will be 
given ina later section. For the present, however, it is sufficient to say that a study of the properties 
of the pepsin used in the present investigation has shown them to be identical with the properties 


ot the cryst illine pepsin prepared by Northrop. 


Determination of the pepsin unit by the alcohol titration method. 


From what has been said above it will be seen that although the caseinogen 
viscosity method for measuring the activity of the pepsin is comparatively 
rapid, it is at the same time not particularly accurate. Furthermore the interpre- 
tation of the figures obtained is obscure as no definite chemical significance can 
be attached to them. It is therefore advisable to use some other method which, 
although perhaps not so convenient, does at least have a chemical meaning. 
One such method is the formaldehyde titration method. Another similar method 
is the alcohol titration method of Willstatter and Waldschmidt-Leitz [1931]. 

This method is somewhat tedious and requires great accuracy. It serves, 
however, to give a measure of the number of carboxyl groups liberated by the 
pepsin in a given time and therefore is not subject to the same criticism as the 
viscosity method given above. This method was examined by the writer, and the 
following figures which were obtained for the pepsin unit will serve as an indica- 
tion of its accuracy. 

The optimum p,, for the hydrolysis of caseinogen by pepsin is given by 
Northrop as 1-8. Consequently it is at about this p,, that the alcohol titration 
method will be most sensitive. For the purpose of obtaining this py, a citrat 
buffer was used. The final mixture was as follows: 5-5 cc. M/3 sodium citrate, 
34-5 cc. M/3 HCl and 10 ce. water. The caseinogen solution used was prepared 
by the addition of 100 cc. 0-05 N ammonia to 6g. Kahlbaum-Hammarsten 
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caseinogen, stirring and warming to 40° until all the caseinogen dissolved. 15 ce. 
of this solution were run slowly into 10 cc. of the buffer with constant shaking. 
By this means, although the caseinogen first precipitated slightly, it then 
redissolved to give a clear solution with just a slight blue colour. The requisite 
amount of pepsin was weighed out and dissolved in 10 cc. of the buffer. The two 
solutions were placed in the thermostat at 35°, and when temperature equilibrium 
had been established 5 cc. of the pepsin solution were measured into the 
caseinogen solution. A 10 cc. sample of the reaction mixture was immediately 
withdrawn and run into a known volume of alcoholic caustic soda solution 
sufficient to stop the reaction by attaining p,, about 8. After exactly one hour a 
second 10 cc. sample was also withdrawn and treated similarly. 1 cc. of 
thymolphthalein solution was added to each of the samples which were then 
titrated with the same alcoholic caustic soda solution as was used to stop the 
reaction until the faint blue colour of the indicator appeared (py,=9-5). 100 ce. 
of boiling alcohol were then added causing the blue colour to disappear and at 
the same time precipitating the caseinogen in a finely divided state. The 
titration was continued until the blue colour reappeared, showing that the 
titration of the protein was complete. The increase in alkali titration due to the 
hydrolysis of the caseinogen by the pepsin was noted. The p,, of the reaction 
mixture was also noted during the course of the reaction, and was always in the 
neighbourhood of 1-9. 

A large number of determinations was made using different concentrations 
of pepsin and the figures obtained are collected in Table I, and are plotted as a 


Table I. Amount of hydrolysis produced in a caseinogen solution under the 
conditions specified above by different concentrations of crystalline pepsin. 


Py Of reaction mixture = 1-9, 
Time of reaction, 1 hour at 35°. 


Weight of pepsin Increase in titration Weight of pepsin Increase in titration 
present in reaction (ec. N/50 ale. NaOH present in reaction (cc. V/50 ale. NaOH 
mixture (mg.) solution) mixture (mg.) solution) 

1-2 1-03 4:8 3°67 

1-9 1-62 5-7 3°79 

1-9 1-78 5:7 4-00 

3-0 2-65 7-6 4-43 

3-0 2-80 7-6 4-66 

33 3-00 8-9 4-69 

3°8 3°24 10-8 5-12 

4-1 3°52 18-6 6-05 

4-5 3-60 


curve in Fig. 1. It is intended to use this curve as a standard in the subsequent 
work on the heat-inactivation in a simple manner to be described later. It should 
be noted that the values given were obtained with several different preparations, 
yet all lie on a smooth curve. 

It will be seen from the figure that the hydrolysis produced is directly 
proportional to the concentration of pepsin at low concentrations, but at higher 
concentrations the rate of hydrolysis produced is less than it would be if the 
linear function continued to hold. 

A series of determinations was carried out on Parke Davis pepsin to obtain 
comparative data between the activity of the newly-prepared crystalline pepsin 
and that of the commercial material. This comparison is of interest since it 
affords confirmation of the comparability of the activity of the writer’s prepara- 
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tion with that of Northrop, even though Northrop did not use the alcohol 
titration method. 

From the figures obtained it is possible as will be seen below to give a pepsin 
unit expressed in an analogous way to those already published by Northrop. 


50 alcoholic 


ution (ce. J 


-> Increase in titr: 


| 


—> mg. of crystalline pepsin in reaction mixture 


Fig. 1. Variation of activity with concentration of crystalline pepsin. 


From the gradient of the curve at zero time one finds that 0-002 g. of pepsin 
in the reaction mixture liberates in one hour an amount of carboxyl groups 
requiring 1-8 ce. N/50 alcoholic caustic soda for neutralisation, i.e. 1-8 x 1/50 
milli-equivalents are liberated per hour, per 2 mg. pepsin in the reaction mixture, 
or per 0-3 mg. pepsin-nitrogen. Hence the activity [PU] per mg. pepsin-nitrogen, 
may be represented 1-8 

[PU]=H 03 
=9-20x 10. 


A rough experiment with Parke Davis pepsin gave the following figures: 


0-024 g. pepsin in the reaction mixture corresponded to a titration of 3-95 cc. 
N/50 NaOH. 
From which [PU]=2-2x 10 2. 


Activity of own preparation 120 


Hence a 


Activity of Parke Davis 


Northrop, using the caseinogen-formaldehyde method for obtaining the 
activity of his preparations gives the values 14 units for his own preparations, 
and 2-5 for Parke Davis pepsin, a relative activity of 5-6. This affords further 
evidence that the writer’s pepsin is identical with that of Northrop. 


The heat-inactivation of crystalline pepsin. 


Although the process of heat-inactivation of the crystalline pepsin was not 
examined in any detail by Northrop, he performed one or two experiments with 
the object of determining whether the process followed the course of a simple 
unimolecular reaction. The conclusion drawn from the results obtained was that 
the reaction did follow the theoretical unimolecular course quite closely, thus 
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confirming the conclusion reached earlier by Tammann [1895] and Arrhenius 
[1907]. This result is confirmed in the present work, and unimolecular constants 
have been obtained for the reaction at various p,, values and at different tem- 
peratures. 

The method of following the inactivation reaction used by the writer was as 
follows. About 0-03 g. of pepsin was dissolved in distilled water, and the solution 
was made up to 30 cc. with a solution of HCl of such a concentration as to give 
the required p,,. The solution was placed in a thermostat at 65°, and after 
temperature equilibrium had been established 7 cc. were withdrawn and run 
into a thin-walled test-tube immersed in an ice-water mixture, the time of this 
action being noted. After suitable time intervals further 7 cc. samples were 
withdrawn and the reaction stopped in the same way. The activity of each of the 
samples was then obtained by the alcohol titration method as before, but certain 
slight alterations had to be made in order to obtain conditions which were 
identical with those used in obtaining the standard activity curve. 

In the first place the pepsin was now dissolved in water or a very dilute HCl 
solution whereas before it was dissolved in the buffer solution. To obtain therefore 
the same reaction mixture as before the following quantities and concentra- 
tions were used. The caseinogen solution used was 6-923 9, and the buffer 
solution contained 5-5 cc. M/3 sodium citrate to 34:5 cc. M/3 HCl, but no 
water was added. 13 cc. of the caseinogen solution were slowly run into 12 ce. 
of the new buffer solution with stirring, and when the pepsin solution (5 cc. 
unbuffered) was added it will be seen that the reaction mixture was identical 
with that used previously. The only difference was in the small concentration of 
HCl added with the pepsin which had been used to adjust the p,, for the inactiva- 
tion period, but this was so small compared with the acid present in the buffer 
that it had no appreciable effect on the p,,; of the reaction mixture used for the 
activity determination. The remaining 2 cc. of pepsin solution were used for 
the p;, determination by the quinhydrone method of Corran and Lewis [1924] 
at 25°. 

As before 10 cc. samples were withdrawn at the beginning of the reaction and 
after exactly one hour at 35°. The increase in titration was measured, and from 
the activity curve the quantity of active pepsin present in the reaction mixture 
which corresponded to this increase was read off. The concentration in the initial 
sample was taken as 100 % and the percentage inactivation at each time interval 
was calculated. From each of these values it was possible to obtain a value of 
the unimolecular reaction velocity constant from the equation 


2-30 a 


9 
3 
kuni = i log 


510 4 — x? 
where a= concentration of active pepsin at zero time (100 %);a@—x= concentra- 
tion of active pepsin remaining at time ¢ (% activity at time ¢); ¢=time in secs. 

The fact that concordant values for kyni were obtained showed that the heat- 
inactivation was indeed following the unimolecular reaction rate. Values of 
kuni were obtained at 65° for a series of different p,, values, and the figures 
obtained are given in Table IT. 

From these figures it is seen that the effect of p,;,; on the rate of inactivation 
is considerable except between p,, 3-0 and 4-5 between which values the curve 
shows a fairly flat minimum. On the acid side of p,; 3, and the alkaline side of 
Py 4:5, however, the rate increases exceedingly rapidly and in fact at p,, 6-5 the 
rate is too great to be measured. The approximate value given for py 6-9 was 
obtained as follows. The reaction mixture was prepared in the usual way and 
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Table II. Heat-inactivation of crystalline pepsin at 65°. 


Mean value of 
Pu Rass Ps 104 logo Rant 
2-30 19-4 3-2989 
2-56 5 4-7160 
2-65 . 4-6721 
2-98 2-3 4-3424 


3°30 
-O4 


( 


‘O 


4-3222 
(4-6021) 


-5563 


“50 

-60 3 
5-43 L5- 
90 >700- 


3 “5185 
2 31818 
0 35-8451 

It will be noted that 0-03 g. of pepsin in 30 cc. is equivalent to 5 mg. in 5 cc., i.e. the initial 
weight of pepsin in the reaction mixture is 5 mg. Reference to Fig. 1 shows that this is at the head 
of the steep straight portion of the curve so that as the pepsin becomes inactivated a rapid change 
in titration will be observed. In short, using this concentration causes the method to be particularly 
sensitive in measuring the degree of inactivation produced. 


Fig. 2. Fig. 3. 


Fig. 2. Heat-inactivation of pepsin. Variation with py of ky, at 65°. 


Represents value obtained by Northrop. 
Fig. 3. Heat-inactivation of pepsin. Variation with py of log kyyj. 


Variation with py, of log ky, at 65°. Variation with py of log ky; at 55°. 
- Variation with py of (log ky; at 65° —log ky, at 55°). 


placed in the thermostat at 65°. A sample was removed and cooled 3 minutes 
later. The activity determination gave an increase in titration of 0-05 cc. 
0-073 N NaOH showing that the pepsin was almost completely inactivated by 
this short heating. Making a calculation on the assumption that maintenance for 
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1} minutes at 65° has produced something over 95 °% inactivation it is seen that 
the value of kyni must be greater than 7 x 10-? at this Pr: 

The figures in Table II are plotted in Fig. 2 together with one value of kyni 
obtained by Northrop, viz. 0-58 at 65° and p,, 3-0 (calculated with time measured 
in hours), 7.e. 1-6 x 10-4 if ¢ is measured in seconds. It is seen that this point lies 
very near the writer’s curve. In Fig. 3 the curve is given in the form Py — log kuni 
to enable a wider range of p,, to be shown, and also for the purpose of showing 
how the critical increment of the process varies with p,,. 


Effect of temperature on the heat-inactivation process. 

To examine the effect of temperature, a second series of determinations of 
the values of ky; for various p;, values was carried out exactly as described 
above but at a temperature of 55°. Since the technique is identical it is sufficient 
merely to give the data obtained; these are shown in Table ITT. 


Table III. Heat-inactivation of crystalline pepsin at 55°. 


Pu Kany x 10° logo Kuni 
2-30 8-2 5-9138 
3-06 0-7 68451 
4-15 0-3 6-4771 
4-89 1-5 5-1761 
5-42 5-4 5-7324 


The behaviour with respect to alteration in p,, is therefore the same at 55 
as itis at 65°. There is a flat minimum between p,, 3-5 and 4-5 and on either side 
of these values a sharp rise. The similarity is brought out by plotting the values 
in the third column (log, Kuni) against py, in Fig. 3 on the same scale as the 
values obtained at 65°. The use of this diagram will be mentioned later. 


The critical increment of the heat-inactivation process. 


Consideration of the figures in Tables II and III shows that the process of 
heat-inactivation is one which possesses a very high temperature coefficient. 
This point is emphasised when the critical increment is calculated from the 
integrated form of the equation 

dlogk_ E 


aT RT? 
; 4 E (T,-T, 
viz. 2-303 (logio &, — logy k2) = R ( “hy ) ? 
\ fife 


where k, and k, are unimolecular constants at temperatures 7’, and 7',, £ is 
the critical increment and FR the gas constant. 

The value in the bracket on the left-hand side of this equation is obtained at 
any given p,, by the difference in the ordinates of the two curves in Fig. 3. For 
the sake of simplicity a third curve has been drawn in Fig. 3 which represents at 
each p,, the difference between the ordinates of curves A and B. If we represent 
this difference by d, then the critical increment at any given py is given by 








2 x 2-303 x d x (328 x 338) 
E (cals.) =———_, —; 
: : 10 

1c. EL ocd. 

Consequently from the diagram we see that Z is maximum at py 3-7 to 4-0 
and falls off on both sides of this value until on the acid side of py 3 and the 
alkaline side of p,, 5-5 it attains an approximately constant value which is about 
the same in both cases. To bring this out more clearly several values of the 
critical increment have been calculated and are appended in Table IV. 
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Table IV. 


Critical increment Critical increment 
(55 to 65°) (55 to 65°) 
71,000 f 91,000 
68,000 “f 80,000 
73,000 5-4 74,000 
88,000 i‘ 69,000 
96,000 i! 67,000 


_ 
ow - 
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These figures cannot be taken as absolute but they are probably correct to 
within +5000, and the variation with p,, is probably a real one. It is quite 


certain, however, that the critical increment of the heat-inactivation process may 
be taken as being of the order 80,000 cals. 


DISCUSSION OF RESULTS. 


Let us consider in the first instance how the results obtained for pepsin agree 
with those already obtained by various workers for other enzymes. The process 
of the heat-inactivation of pepsin has been found to be one which follows the 
theoretical unimolecular course. Other enzymes for which the heat-inactivation 
process has been shown to be unimolecular are trypsin by Pace [1930], pancreatic 
lipase by McGillivray [1930], enterokinase by Pace [1931, 1], trypsin-kinase by 
Pace [1931, 2], pancreatic proteinase by Pace [1931, 3], and pancreatic amylase 
by Giri [1932]. 

The figures given in Tables II and III show that for pepsin the rate of heat- 
inactivation is minimum and almost constant over a py, range from about 
3 to 4:5. As the py is altered away from this range, however, the rate of in- 
activation increases rapidly for comparatively small alterations in p,,. Similar 
behaviour for the alteration in the rate of heat-inactivation with p,,; is reported 
for yeast saccharase by Euler and Laurin [1919] the minimum rate being at 
Pu } to 5. 

In the case of trypsin, a new method of preparation has been developed by 
Northrop [1932, 2] which gives a very pure crystalline trypsin having the 
properties of a protein. The rate of inactivation for the trypsin prepared in this 
way is minimum at py, 1-8. 

It is therefore seen that although the general behaviour of the rate of heat- 
inactivation with respect to change in py is similar in all these cases, it is not 
identical, the minimum rate obtained in the different cases being at different py 
values. In the case of the heat-denaturation of oxyhaemoglobin and egg- 
albumin (the proteins upon which the most reliable investigations have been 
made) it has been shown by P. 8. Lewis [1926, 1, 2] that the rate of heat- 
denaturation is minimum at the neutrality point of water p,, 6-8. 

It may be noted in passing that for neither process does the isoelectric point 
of the protein or the enzyme appear to have any special importance. 

A striking similarity between the two processes, viz. protein denaturation and 
enzyme inactivation, is found in the magnitude of the critical increments. The 
value obtained for crystalline pepsin above is of the order 80,000 cals., agreeing 
with the value 75,000 given by Arrhenius [1907]. A collection of such data made 
by Haldane [1930] for other enzymes shows values ranging from 26,000 for 
lipase to 189,000 for peroxidase. The critical increment for the denaturation of 
oxyhaemoglobin was found by Lewis [1926, 1, 2] to be 77,000, and for egg- 
albumin 130,000 cals., so that the unusually high values are common to both 


processes. 
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A further point observed in the present investigation is that the critical 
increment varies with p,,, the value being maximum, as one would expect, 
at the range of p,, for which the rate of inactivation is minimum. In general, 
other investigators have not determined how the critical increments have varied 
with p,,, but have been content to obtain a mean value which gave them only 
the order of magnitude of the critical increment. For yeast saccharase, however, 
Euler and Laurin [1919] have shown that the critical increment is maximum 
at the py, range over which the rate of inactivation is minimum and falls off 
rapidly as the py, is altered away from this range. Booth [1930], working in this 
Laboratory, has shown, by examination of the denaturation results of Lewis 
[1926, 1, 2] and Cubin [1929] supplemented by further experimental determina- 
tions, that the critical increment of the heat-denaturation of oxyhaemoglobin 
behaves similarly with respect to change in p,,, being maximum at the py for 
which the rate of denaturation is minimum (6-8), and decreasing as the py is 
altered away from this value. 

The comparisons made above therefore show that not only does pepsin 
behave as a protein, thus confirming the conclusion of Northrop, but that the 
heat-inactivation of pepsin is analogous to the heat-denaturation of egg-albumin 
or oxyhaemoglobin. 


SUMMARY. 


1. Crystalline pepsin has been prepared by the method of Northrop, and tests 
have been made to ensure that the product obtained was identical with that of 
Northrop both in general properties and in specific proteolytic activity. 

2. An activity-concentration curve for this pepsin has been obtained using 
the alcohol-titration method of Willstatter and Waldschmidt-Leitz, and this 
curve has been used as a standard in the subsequent investigation of the heat- 
inactivation process. 

3. The process of heat-inactivation is found to follow the theoretical 
unimolecular course. 

4. Ata given temperature the rate of heat-inactivation varies with p, , being 
minimum at a p,;, range from 3 to 4-5 and increasing rapidly when the py, is 
altered from this range towards either the more acid or alkaline regions. 

5. The effect of temperature on the rate of heat-inactivation has been 
examined and is found to be very marked. The critical increment of the process 
is found to be of the order 80,000 calories. 

6. The critical increment is found to vary with p,, being maximum 
(96,000 calories) at the p,, range for which the rate of inactivation is minimum 
and decreasing to a much lower value (70,000 calories) in the more acid and 
alkaline regions (py 2-3 and py 6-0). 

7. The results obtained are compared with those obtained by other investi- 
gators for various enzymes and also with the results obtained for the heat- 
denaturation of proteins. It is shown that the two processes, the heat-inactivation 
of enzymes and the heat-denaturation of proteins, are analogous, in all but one 
point, viz. the location of the minimum speed, for which no explanation can be 
offered at present. 


The above work was carried out under the direction of Prof. W. C. M. Lewis 
to whom the writer is indebted for help and advice. 
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THE work described in this paper is a continuation of that commenced by 
H. I. Price and Lewis [1929] and extended by Jones and Lewis [1932]. 

The former measured, by means of a dynamic method, the surface tension of 
aqueous dispersions of pure lecithin as a function of p,,. It was found that a 
maximum value of the surface tension occurred at p,, 2-6 (approx.) in close 
agreement with the value of the isoelectric point (p,, 2-7) found by Fugii 
[1923-24] from distribution measurements!. The surface tension falls to a very 
marked minimum on either side of the maximum referred to. 

Jones and Lewis investigated the effect of the presence of pure cholesterol in 
the lecithin dispersion. It was found, using the same surface tension method as 
H. I. Price and Lewis [1929], that the addition of cholesterol, whilst leaving the 
general capillary behaviour of lecithin as a function of py unchanged, neverthe- 
less introduces modifications of the surface tension values. The most important 
modification is a shift in the position of the maximum in the surface tension- 
Py curve from py, 2-6 to py 4. 

This appears to indicate a corresponding shift in the position of the isoelec- 
tric point. But, as pointed out by H. I. Price and Lewis the evidence is not 
sufficient to make this certain. It is with this point, in the main, that the present 
work on the electrophoresis of lecithin-cholesterol mixtures deals. 


EXPERIMENTAL. 

Pure lecithin, prepared by the method of Levene and Rolf [1927], was used 
for these measurements. 

Cholesterol itself does not disperse in water. It is, however, peptised by 
lecithin and is easily dispersed in the presence of this substance. 

The method of preparation of dispersions of the mixed material was similar 
to that used by Jones and Lewis [1932]. Equimolecular weights of lecithin and 
cholesterol (approximately 2 g. of lecithin : 1 g. of cholesterol) were dissolved 
together in ether. The ether was then evaporated at room temperature. The 
whole of the mixture was dispersed by shaking with the correct quantity of 
water and the dispersion kept in an atmosphere of nitrogen. The dispersion was 
found to be quite stable and no separation of either of the constituents took 
place. 

1 The value of the effective isoelectric point of lecithin has since been determined directly by 
electrophoresis measurements and found to agree with the value py, 2-7 [cf. C. W. Price and Lewis, 
1933]. 
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For the electrophoretic mobility measurements, aliquot parts of the above 

dispersion were diluted with citrate buffer to give a dispersion containing 
0-05 % lecithin and the requisite proportion of cholesterol. 

The apparatus and method of measuring the mobility and also the method 
of preparing and buffering the dispersions follow that recently described by 
C. W. Price and Lewis [1933]. The addition of 2 % of sucrose to the dispersions 
was found again to facilitate the adjustment and maintenance of a sharp 
boundary without affecting the mobility in any way. 

The values of the velocities obtained in cm./sec. were corrected to 20° by 
multiplying by the factor 7,/72), Where nz and 79 are respectively the viscosities 
of water! at the temperature of measurement and at 20°. 

As before, the p;, values below 7 were measured by the gold quinhydrone 
electrode [Corran and Lewis, 1924]; for higher values of p, the glass electrode 
| Harrison, 1930] was used. 

A representative record of an electrophoretic mobility determination is given: 

Composition of the dispersion, 0-05 % lecithin; 0-025 % cholesterol (approx.); 
2 % sucrose; N/100 citrate buffer. 

Composition of the supernatant liquid: citrate buffer of the same ionic con- 
centration and p,, (to within 0-01 p,, unit) as the dispersion. 

Temp., 20-5°; py = 5-87; current, 3-0 milliamps; potential gradient, 
2-80 volt/em. 

Movement of boundary: 


Anode limb Cathode limb Time 

(upwards) (downwards) (mins.) 
0-0 0-0 0 
D5 5-5 lv 
10-5 10-5 20 
15-5 16-0 30 


Mean movement, 15-75 scale divisions in 30 mins. (1 scale division = 
0-043 cm.) 

Electrophoretic ve locity under a potential oradient of |] volt /cm. at 
20°=13-0 x 10-° em./sec. 

Table I shows the variation of the electrophoretic mobility with Pu of 
dispersions of mixtures of lecithin and cholesterol in equimolecular proportions. 


Table I. Showing the variation of electrophoretic mobility with p,, values of 
dispersions of mixed lecithin and cholesterol. 
(The sign denotes the sign of the charge.) 


Electrophoretic velocity under a 
potential gradient of 1 volt/cm. 
at 20° cm./sec. 


Pu 
8-15 28-5 x 10 
6-95 23-6 
6-48 19-4 
5°87 13-0 
5-22 10°65 
1-89 9-9 
4-05 7-65 
3°30 4-6 
2-51 4-9 
2-30 10-4 





Che ratio 7,,/n2») for the solutions used is not sensibly different from that of water at the same 


temperature. 
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In order to compare the behaviour of the above mixture of lecithin and 
cholesterol with that of lecithin alone, the mobility-p,, curve for lecithin, re- 
produced from the above-mentioned publication of C. W. Price and Lewis, is 


plotted as a dotted line and the data of Table I as open circles in Fig. 1. 
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Fig. 1. 


- Lecithin. © Lecithin and cholesterol. 


From Fig. 1 it will be seen that the addition of an equimolecular proportion 
of cholesterol to lecithin has no effect on the electrophoretic behaviour of the 
latter substance. 

DISCUSSION. 


Combination of lecithin with glucosides, enzymes, cholesterol, proteins etc. 
has been described in the literature. It is not possible, however, in the majority 
of these cases, to differentiate between true molecular compounds, adsorption 
complexes (due to local interaction at certain positions on the mutual surfaces) 
or merely mechanical mixtures. Loewe [1912] considers that the majority of 
these so-called combinations are adsorption complexes. 

Moravek [1927] claims to have shown that actual compounds are formed 
between lecithin and cholesterol and gelatin. No evidence, however, is available 
to show whether, in the absence of the third substance, combination between 
lecithin and cholesterol takes place, although the surface tension results of 
Jones and Lewis [1932] point to a union of some sort. 

As previously pointed out, cholesterol will not form a dispersion in water. It 
is, however, peptised by lecithin and is easily dispersed in the presence of this 
material. It is quite possible, therefore, that cholesterol behaves merely as an 
“inert”’ body, its particles in a lecithin dispersion taking on the mobility of that 
dispersion in much the same way that an “inert” quartz particle in a protein 
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dispersion takes on the mobility associated with the protein itself. In other 
words, the two substances most probably exist together, in a dispersion, as an 
adsorption complex. 

Further, it will be observed that no change in the position of the isoelectric 
point results from the addition of cholesterol to lecithin. It follows therefore 
that the points of union in the adsorption complex do not involve the amphoteric 
groupings of the lecithin or the groups which carry the charge due to adsorbed 
ions 

Clearly a shift in the position of the maximum in the surface tension-p, 
curve does not necessarily imply a corresponding shift in the isoelectric point. 
This is borne out further by the effect of calcium chloride upon the surface 
tension maximum and electrophoretic speed respectively; the maximum being 
shifted towards the more acid region, the effective isoelectric point to the 
alkaline side. 

SUMMARY. 


The mobility-p,,; relationship of dispersions of lecithin + cholesterol in equi- 
molecular proportions has been determined. It is shown that no change in 
the mobility at various p,, values or in the position of the isoelectric point is 
produced by the addition of cholesterol to lecithin. It follows that the bonds or 
groups responsible for the formation of the lecithin-cholesterol complex cannot 
be the amphoteric groups of the lecithin or those on which ion adsorption takes 
place. 


In conclusion the writer would like to express his thanks to Prof. W. C. M. 
Lewis, under whose direction this work was carried out. 
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Among the bacteria there are many instances where growth of one organism 
renders the medium unfavourable for growth of some other type of organism ; but 
cases where an organism militates against growth of other strains of its own 
species, except by accumulation of the normal end-products of growth, are rare. 
The following account deals with an investigation into the biochemistry of two 
strains of lactic streptococci which produce during their growth some substance 
which very strongly inhibits the growth of other strains of lactic streptococci. 
The organisms were isolated from milk in the course of an investigation of 
trouble occurring during the manufacture of Cheddar cheese in a dairy factory 
[Whitehead and Riddet, 1933]. As is well known, development of lactic acid in 
the milk and curd is an essential part of the process of cheese manufacture, and 
the formation of acid can occur only if the lactic streptococci which are added as 
a “starter” culture grow readily in the milk and ferment the lactose. In the 
particular case under investigation most of the milk received at the dairy factory 
readily supported the growth of lactic streptococci and hence gave no trouble to 
the cheese-maker; but the milk from one particular source of supply proved 
entirely abnormal in that very little acid could be developed in it. The inhibitory 
action of the milk was so marked as to suggest the presence of some strong 
disinfectant, but none could be detected. Moreover, the bacteria present in the 
milk as contaminants were quite active, since added methylene blue was rapidly 
decolorised. The various types of bacteria present in the milk were isolated in 
pure culture, and it was found that there were present in large numbers some 
Gram positive cocci which, when allowed to grow in any sample of normal milk, 
rendered it unsuitable for the subsequent growth of lactic streptococci and hence 
prevented the development of acidity. Even when the cocci were destroyed by 
heat after they had grown for twelve or twenty-four hours the milk still retained 
its inhibitory power. Thus it became evident that the phenomenon was not 
due to an antibiosis between living organisms but to the production of some 
heat-stable substance which was inhibitory towards lactic streptococci. 

Later, another Gram positive coccus which produced a similar effect was 
isolated from a sample of milk obtained from quite a different locality. There 
was a slight difference in this case in that the coccus itself produced appreciable 
quantities of acid. Thus milk in which this organism was growing appeared to 
allow acid production by lactic streptococci to proceed quite normally. When 
however the milk was pasteurised or sterilised, lactic streptococci were strongly 
inhibited just as was the case in the first example. 
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It was of interest therefore to classify these two unusual organisms and to 
attempt to determine the nature of the substance which they formed during their 
growth. 

Nature and reactions of the two organisms. 

Both organisms proved to be lactic streptococci. The only significant 
differences between them were in the rates of acid production in milk and the 
various sugars which they fermented. The first organism (9 S) produced acid very 
slowly, taking three days at 30° to clot milk; it had a tendency to grow in chains 
of six to ten units. The second organism (D1) produced acid much more rapidly ; 
milk was clotted in one day at 30° or in two days at 20°. Both organisms pro- 
duced d-lactic acid from lactose and hence are included in the group of lactic 
streptococci according to the classification of Orla-Jensen [1919]. The organisms, 
like all lactic streptococci, were rather strict in their growth requirements; they 
grew only very slowly in the absence of a fermentable sugar from the medium. 
The best growth (as small clear colonies) was obtained on an agar containing 
whey from milk and an extract of yeast. Neither organism liquefied gelatin or 
reduced nitrate. Both organisms rapidly produced a reducing potential in milk 
at 37° as evidenced by the rapidity with which their milk cultures reduced 
methylene blue to the leuco-base. The sugar reactions were determined by growth 
in a peptic digest of caseinogen (0-5 °% total N) containing 2 °% of the various 
sugars; the time of incubation was 14 days at 20°. 


Table I. 


Parts per thousand of lactic acid produced. 


Gly- Ara- Rham- _ Sor- Man-_‘ Fruc- Glu- Man-_ Galac- 

cerol Xylose binose nose bitol nitol tose cose nose tose 
98 0-0 0-0 0-0 0-0 0-0 0-0 4-0 L-O 38 2-7 
95 0-0 0-0 0-0 0-0 0-0 0-0 5-9 5-8 3°8 4-0* 
D1 0-0 0-4 0-4 0-4 0-0 0-0 58 5-2 5-2 3-4 

Sucrose Maltose Lactose Raffinose Inulin Dextrin Starch Salicin 
98 0-0 0-4 1-5 0-0 0-0 0-0 0-0 0-0 
98 0-0 0-5 5-8 0-0 0-0 0-0 0-0 0-9* 
D1 6-7 3-6 5-9 0-0 0-0 2-9 1-3 3°8 


* Medium had 10% yeast extract added. 


According to Orla-Jensen’s classification these reactions would indicate that 

98 was a strain of Strep. cremoris. D1 resembled Strep. mastiditis in its reactions, 

-except for its rather active habit of growth in milk. On the whole there was 

nothing to distinguish these two organisms from the majority of those present in 

the mixed cultures of lactic streptococci used as “starters” in cheese manu- 

facture, except their ability to produce the inhibitory substance which had first 
drawn attention to them. 


Method used for detection of the presence of the inhibitory substance. 


The method used throughout the experiments for the demonstration of inhibition of acid 
production was as follows. 150 cc. of each milk to be tested were adjusted in temperature to 30°; 
1 °%, of a twenty-four hour culture of lactic streptococci was added and the mixture was maintained 
at 30° for half an hour. 0-2 cc. of rennet solution was added, and after a further hour at 30° the 
clotted milk was cut into pieces about } inch square. The mixture of curd and whey was incubated 
at 37° for two hours, and then the whey which had separated was drained off as completely as 
possible. The curd was kept at 30° for a further two hours, after which time the fresh lot of whey 
which had exuded was drained off and titrated with N/10 NaOH. A final titration was carried out 
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on the whey which drained from the curd during a further period of one hour at 30°. The two 


acidity values obtained were expressed as percentages of lactic acid. The figures obtained in this 


way give an indication of the total amount of acid formed by the streptococci during the period of 


the experiment; the difference between the figures gives a measure of the rate of acid formation. 


The test described above is of course only of comparative value as between 
various samples of milk tested at the same time. Various factors (in particular, 
variations in the acid-producing power of the culture of streptococci used) make 
comparisons of tests carried out on different days impossible. Whitehead and 
Cox [1932] have indicated the technical applications of the above process as a 
means of making determinations of the activity or vitality of various cultures of 
lactic streptococci in several samples of the same milk. The process has been 
termed the “vitality test’’ and is of considerable use in the testing of “starters” 
used in the process of cheese manufacture. In the present instance the vitality 
test was used as a means of testing the inhibitory power of various milk samples, 
and of milk to which various additions had been made, on the production of acid 


by the same culture of lactic streptococci. 


Influence of growth of Streptococcus 9 S on milk. 


1. Fresh skimmed milk which had been steamed for half an hour was inocu- 
lated with a culture of 9 S in milk and allowed to stand at room temperature 
overnight. Next morning the milk still had an acidity within the range con- 
sidered normal for fresh milk (actually 0-16 % as lactic acid) and contained 
approximately 50x 10° cocci/cc. as determined by a direct count under the 
microscope. Methylene blue added to a sample of the milk was decolorised in 


half an hour at 37°. One portion of the milk was pasteurised at 63° 


for 


30 minutes and a second portion was steamed for 30 minutes. Vitality tests were 
then carried out on the raw, pasteurised and steamed samples, and also on a 
portion of uninoculated milk, 1 % of a mixed culture of lactic streptococci being 


added to all the samples (Table II). 
Table II. 


Acidities as % lactic acid. 


Law Pasteurised Steamed 
inoculated inoculated inoculated Control 
First acidity reading 0-16 0-13 0-15 0-33 
Second acidity reading 0-18 0-11 0-15 0-54 
Increase 0-02 —0-02 0-00 0-21 


These results are typical of those obtained in many similar experiments. The 
apparent decrease in acidity in the pasteurised sample is not significant since the 
experimental error may on occasion amount to 0-05. The results indicate that 
the growth of 9S had so influenced the milk as a medium for normal lactic 
streptococci that their power of producing acid was almost completely inhibited 
for a period of at least six hours. In some experiments the samples of curd were 
maintained at 30° for a further period of twelve hours. The acidity in the whey 
from the inoculated milk curds then reached a value of 0-8 to 0-9 °% lactic acid 
as compared with a value of 1-1 to 1-2 % in the controls. Thus the action is 
inhibitory rather than bactericidal in nature. It is comparable with, though 
much more powerful than, the so-called bactericidal action of fresh milk and is 
evidently due to some heat-stable substance formed by 9 8 during its growth, 
since the inoculated milk was still inhibitory even after it had been maintained 


at 100° for half an hour in order to destroy the bacteria. 
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2. In order to gain some idea of the concentration of inhibitory substance in 
a milk in which 9 S had grown, an experiment was performed in which various 
quantities of inoculated milk (containing on this occasion 26 x 10° of 9 S per cc.) 
were made up to 150 cc. with normal pasteurised milk (Table ITT). 


Table III. 


Acidities as % lactic acid. 




















Percentage of steamed Percentage of past. 
inoculated milk in inoculated milk in Control 
normal past. milk normal past. milk normal 
Ha > a OF past. 
10 20 30 40 10 20 30 40 milk 
First acidity reading 0-32 0-29 0-23 0-20 0-26 020 0-16 0-15 0-33 
Second acidity reading 0-60 047 O33 0-26 0-47 O30 O21 O18 0-54 
Increase 0-28 018 0-10 0-06 0-21 0-10 005 0-03 0-21 

























These results indicate that relatively small quantities of the inhibitory 
substance are sufficient to produce a marked influence on the development of 
acidity. In some later experiments where more extensive growth of 9S was 
permitted in the inoculated milk, quantities as small as 3 °% of inoculated milk 
added to normal milk produced a mixture which was almost completely in- 
hibitory to acid production. The results in Table III also indicate that the 
inhibitory substance is not completely heat-stable at 100°, for it is evident that 
there is a slight decrease in inhibitory power in inoculated milk which has been 
heated to that temperature. 


Production of the inhibitory substance in media other than milk. 


Several batches of medium were made consisting of a clear broth prepared 
by peptic digestion of sugar-free caseinogen to which were added 2 ° of each of 
the five sugars which 9 S had proved capable of fermenting. After sterilisation, 
the media were inoculated with 9 S and incubated at 30° for four days. 25 cc. 
of each of the cultures were then made up to 150 cc. with normal pasteurised 
milk, and the mixtures were subjected to the vitality test. In every instance 
there was a complete inhibition of acid production, whereas in appropriate 
controls containing the uninoculated media, acid production was normal. 9S 
gave practically no growth in the caseinogen broth alone and, as would be 
expected, produced no measurable amount of inhibitory substance. It was thus 
impossible to determine by an experiment such as this whether the substance was 
formed from any fermentable sugar or whether it was formed from protein material 
whenever growth of the organism was stimulated by the presence of a sugar. 


Influence of the inhibitory substance on the increase in numbers of lactic 
streptococci in milk. 





Although it seemed most likely that the results in the foregoing experiments 
were to be explained by inhibition of the growth of lactic streptococci, it was 
deemed desirable to determine whether this was actually the case or whether the 
streptococci were increasing in numbers without displaying their usual fermen- 
tative activity. Two identical samples of pasteurised milk were taken and to one 









was added 10 °% of milk containing inhibiting substance; both were inoculated 
with 1%, of a twenty-four hour culture of normal lactic streptococci and 





incubated at 30°. At various intervals from the time of inoculation samples were 
taken, and the numbers of streptococci were estimated by direct count under 
the microscope according to the method of Breed and Brew [1916] (Table IV). 
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GROWTH-INHIBITANTS 


Table IV. 


Numbers of streptococci in millions 





Time in hours Control Experimental 

4 22 17 

14 50 13 

34 285 20 

4h 537 14 

6} 804 14 

10 —- 200 

12 1000 218 

14 1000 436 


The acidities of the control and experimental milks after fourteen hours were 
0-84 and 0-52 % as lactic acid respectively. From these results it is evident that 
the inhibitory substance acts by delaying the multiplication of the lactic 
streptococci and not by interfering only with their fermenting power or other- 
wise modifying their habit of growth. The streptococci which finally grow in a 
medium containing the inhibiting substance have a normal appearance under 
the microscope. 


Partial isolation of the inhibitory substance and 
determination of its properties. 


Two litres of sterilised skimmed milk were inoculated with 9S and allowed 
to stand overnight at room temperature. Next morning the milk contained 
approximately 170 x 10° cocci per ce. Vitality tests showed that 7 °% of this milk 
culture added to normal! milk was the minimum amount which would completely 
inhibit acid production by normal lactic streptococci for a period of six hours. 
Calcium chloride and rennet were added to the main bulk of the milk and the 
firm clot which formed was broken to allow the whey to separate. 1500 cc. of 
clear whey were obtained by filtration. Vitality tests showed that about 14 % 
of this whey added to normal milk gave a complete suppression of acid production 
by lactic streptococci. One litre of the whey was evaporated in vacuo at a 
temperature not exceeding 50° until its volume was reduced to 200 cc. This was 
poured into 800 cc. of absolute alcohol, and the bulky precipitate formed was 
filtered off. The filtrate was evaporated to dryness and extracted with absolute 
alcohol, and the insoluble material was again removed by filtration. The alcoholic 
solution was evaporated to dryness and the resulting glutinous residue (approxi- 
mately 2 g.) was dissolved in 50 cc. of distilled water. Vitality tests showed that 
2 °% of this solution added to normal milk was the minimum amount necessary 
to inhibit acid production completely. Making allowance for the concentration, 
this corresponds to only 40 % of the original whey. Some of the inhibitory 
substance was shown to be present in the material soluble in 80 °% alcohol but 
insoluble in absolute alcohol, so that it is possible that the substance (if it is a 
single entity) is not freely soluble in absolute alcohol. The concentrated solution 
of inhibitory substance, prepared as described above, was not inactivated when 
heated at 100° for 30 minutes. 

In order to determine whether the substance were of protein nature some 
experiments were carried out to test the action of pepsin and trypsin upon it. 
The reaction of the concentrated extract was about p;, 4. A portion of it was 
adjusted to p, 8 with NaOH to favour the action of trypsin. Portions of 5 cc. 
were treated according to the following scheme, then made up to 150 cc. with 
normal pasteurised milk and subjected to a vitality test (Table V). 
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Table V. 










- extract 






























2. o 1/30 ec. 10 % pepsin solution 

De ” ” ” 

4. 5 ec. adjusted extract 

o. 99 

6. i - 1/30 ce. trypsin solution 


‘. 
99 ” ” ” 


All the above tubes were incubated at 37° overnight, then tubes 3, 5 and 7 were pasteurised at 
63° for 30 minutes. 


Vitality tests on above sample s made up to 150 cc. with normal paste urised milk. 


Acidities as % lactic acid. 
Control Control 
milk+ milk+ Control 


1 2 3 4 5 6 7 pepsin trypsin milk 


First acidity reading 0-12 013 O13 O14 O15 O19 O19 0-19 0-21 0-20 
Second acidity reading 0-11 0-14 0-12 0-23 0:24 047 042 0-47 0-51 0-51 
Increase 0-0L 0-01 -0-01 0-09 009 O28 0-23 0-28 0-30 0-31 


These results serve to define quite clearly the nature of the inhibitory sub- 
stance. It is evidently a protein derivative (probably a polypeptide) which is 
readily destroyed by trypsin but is resistant to the action of pepsin. There is also 
an indication that incubation at 37° after adjustment to py, 8 causes a weakening 
in power, probably due to a hydrolytic effect. In other experiments on similar 
lines, but in which the extract was heated to boiling-point after adjustment to 
Py, 8, the loss in power was greater, although with 9S the inhibitory action was 
never completely eliminated by this treatment. 


Production of inhibitory substance by Streptococcus D1. 


As has already been mentioned Streptococcus D1 differed from Streptococcus 
9 S in that it formed rather more acid during its growth in milk. Milk in which 
the organism had grown did not appear inhibitory to the growth of normal 
acid-producing streptococci unless D1 had first been destroyed by pasteurisation. 
Thus in an experiment on milk in which D1 had grown until its numbers 
amounted to 50 x 10® per cc., the results of vitality tests were as follows. 


Table VI. 













Acidities as °% lactic acid. 
Raw inoculated Past. inoculated Control 
First acidity reading 0-28 0-11 0-38 
Second acidity reading 0-59 0-10 0-66 
Increase 0-31 -0-01 0-28 








Thus in the case of this organism either its own acid-producing power counter- 
balanced the loss in acid production due to inhibition of the normal streptococci, 
or else the inhibitory substance was not finally formed in the milk until the latter 






was heated. In most other respects the substance proved to have properties 
very similar to those of the substance produced by 9 8. It differed mainly in its 
sensitivity to alkali. A concentrated extract of the substance in several experi- 
ments completely lost its power when it was adjusted to p,, 8 and incubated at 
37° overnight. 
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Action of the inhibitory substances on pure cultures of bacteria. 


The substances produced by both 98 and D1 were tested on various pure cul- 
tures. Both seemed to have a powerful action on the several cultures of lactic 
streptococci which were tested; neither restrained in any way the growth of a 
single strain of Bact. coli and of a strain of B. subtilis. The single instance up to 
the present where there has been a significant difference between them has been 
in their action on a strain of Lactobacillus acidophilus. The substance formed by 
D1 was markedly inhibitory towards growth of this organism whereas the sub- 
stance formed by 9 S was not. These observations need to be extended. 


DISCUSSION. 

It is evident from the foregoing results that the two strains of lactic strepto- 
cocci described possess a property which has hitherto been unobserved with this 
species of bacterium. The significance of the formation of the inhibitory sub- 
stances is evident in connection with any process in which lactic streptococci are 
used as biological agents for the development of acid. The formation of such 
substances in milk has already explained satisfactorily a difficulty which some- 
times occurs during the manufacture of cheese. Moreover the reaction is of 
fundamental interest in the matter of the classification of the lactic streptococci. 
It remains to be seen whether the property of forming the inhibitory substance 
is a stable characteristic of these organisms. Up to the present time cultures in 
the laboratory, resown every two or three days in sterilised milk, have retained 
the property—in the case of 9 S for seven months, and in the case of D1 for four 
months. The phenomenon would assume still greater significance if it were 
shown that normal lactic streptococci could ever acquire the property. Strains 
of streptococci vary so much in their properties from time to time that this is 
quite within the bounds of possibility. 

If, however, these two strains of streptococci represent stable types the 
problem of their origin is of fundamental importance. Much attention has been 
devoted in the past to the question of abnormal milk which is inhibitory to the 
growth of lactic streptococci, since it influences the process of cheese manufacture 
so markedly. Leitch [1933] gave a comprehensive review of the matter and 
conducted experiments which indicated quite clearly that the inhibitory milk 
with which he was dealing was derived from cows suffering from udder disease, 
presumably streptococcal mastitis. Although he was of the opinion that the 
inhibitory factor was present in the milk as it came from the cow, it seems possible, 
in view of the fact that one of the streptococci described above is almost identical 
with Strep. mastiditis, that the inhibition observed by Leitch in milk might have 
been due to a formation of inhibitory substance by streptococci from the cow’s 
udder, after the milk was drawn. Leitch also mentioned that he had obtained 
evidence that the inhibitory factor was associated with the milk-albumin. He did 
not give details of the evidence, but the suggestion that the inhibitory factor was 
of protein nature presents a further point of similarity with the present findings. 
The biochemistry of the streptococci which are the causative organisms in 
mastitis of the cow needs a more detailed examination before these points can be 
settled. 

SUMMARY. 

1. Two strains of lactic streptococci are described which produce during 
their growth substances having a marked inhibitory action on the growth of 
other lactic acid bacteria. 
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2. The nature of the inhibitory substances was investigated and evidence is 


submitted that they are of protein nature, possibly polypeptides, soluble in 
absolute alcohol and hydrolysable by trypsin and alkali but stable towards 


pepsin. 

3. The significance of the properties of the organisms is discussed both from 
the point of view of the classification of the streptococci and from the technical 
oint, particularly with regard to processes like cheese manufacture in 


stand} 
which lactic acid bacteria are used as a means for the production of acid. 
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CCXLIII THE METABOLISM OF 
CALCAREOUS ALGAE. I. 


By PAUL HAAS anp THOMAS GEORGE HILL. 
From the Botanical Department of University College, London. 


(Received October 10th, 1933.) 


THE rather specialised conditions of growth to which the calcareous algae are 
subject as a result of a thick incrustation of calcium carbonate [Haas and Hill, 
1933] provided the motive for the present investigation. The results here com- 
municated are concerned only with the isolation of the galactoside floridoside 
and of a new pentapeptide of aspartic acid. 

The material selected for examination was the red alga, Corallina officinalis, 
collected in the early summer of 1932 at Lyme Regis, and the results here 
described were all obtained from the one sample of about 9 kg. of wet material. 

Preliminary experiments had shown that a concentrated hot water extract 
of the weed gave a biuret reaction and a positive Molisch reaction. At the 
outset a known weight of the dried material was dissolved in an excess of 
standard hydrochloric acid and by back-titration it was found that the amount 
of carbonate, calculated as CaCO, was of the order of 80 %. This figure was 
sufficient to indicate that considerable quantities of the weed would be re- 
quired, and accordingly quantities of 1 kg. at a time of dried material were 
roughly broken up and extracted three times with hot water; the combined 
extracts were evaporated somewhat and then precipitated with basic lead 
acetate. The filtrate after removal of the lead with sulphuric acid was treated 
with sufficient baryta to remove all sulphuric acid and the solution, still acid 
with acetic acid, was evaporated under reduced pressure before precipitating 
with mercuric acetate. The bulky white precipitate (A) thus formed was filtered 
and washed and further treated as described below (p. 1803). 

The filtrate from A was found to reduce Fehling’s solution only after hydro- 
lysis; the absence of pentoses and fructose was established by the usual colour 
tests, but on the other hand oxidation of the crude syrup obtained on evapora- 
tion yielded mucie acid, indicating the presence of galactose. The filtrate was 
accordingly evaporated under reduced pressure to a syrup (B). Prepared by 
this method the syrup contained considerable quantities of acetates, and it was 
not to be expected that a sugar would crystallise from this mixture. Extraction 
of the syrup with alcohol also yielded no crystallisable extract. 

A different line of attack was therefore indicated, and this was provided by 
the work of Colin and Guégin [1930, 1, 2] who, extending the work of Kylin 
[1915], succeeded in isolating from Rhodymenia palmata a considerable quantity 
of a crystalline carbohydrate which, as in the case of the syrup B, did not 
reduce until after hydrolysis and also yielded mucic acid on oxidation. In a 
later paper these authors were able to show that this substance, which had 
been described by Kylin as trehalose, was in fact a galactoside of glycerol to 
which they gave the name of floridoside. 
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In view of the possibility that Corallina might likewise contain this substance 
it was decided to work up some fresh material following the procedure adopted 
by the above authors for isolating floridoside from Rhodymenia. Accordingly 
250 g. of air-dried Corallina were extracted three times with hot water; the 
combined extracts were evaporated to about 200 cc. and treated with four times 
their volume of absolute alcohol; after some time the supernatant alcohol was 
poured off from a brown gummy deposit consisting of the peptide to be described 
later together with salts; the alcoholic solution was then evaporated to 200 cc. 
and the residue treated with eight times its volume of alcohol; after standing, 
the solution was filtered and once more evaporated under reduced pressure to 
a syrupy consistency ; this was extracted with alcohol and the extract evaporated 
to dryness and kept in a vacuum desiccator. Repeated attempts to induce it 
to yield any crystals of floridoside were unsuccessful?. 

Having thus failed to isolate the carbohydrate by crystallisation from the 
syrupy extracts obtained by either of the two methods described, it was decided 
to try to isolate the substance by conversion into an acetyl derivative. With 
this end in view 2g. of syrup were heated over a gauze with 4g. of acetic 
anhydride and 2 g. of anhydrous sodium acetate, the mixture being continuously 
stirred until it just boiled, whereupon heating was at once stopped; the re- 
sulting viscous yellow-brown mass was allowed to cool and poured into water 
and extracted three times with ether. The ethereal extract, after washing free 
from acid with water and sodium carbonate, was dried and evaporated. A clear 
light yellow syrup, weighing about 0-6 g. resulted, which deposited crystals 
overnight; the latter were separated from the syrupy mother-liquors by stirring 
with a little cold alcohol and, after pressing on a tile, weighed about 0-2 g. This 
substance was soluble in hot alcohol, ethyl acetate, acetone, benzene or ether, 
but insoluble in light petroleum; it was recrystallised from a mixture of alcohol 
and light petroleum, from which it separated in aggregates of radiating prisms 
melting at 100-101°. (Found: C, 49-82; H, 604%. Cale. for CyH3 904: 
C, 49-80; H, 5-92 %.) These figures agree for the hexa-acetyl derivative of 
floridoside, a compound which had not been previously described; its specific 
rotation was [%])+108-5°, in acetone solution. 


Isolation of floridoside. 


In order to establish the fact that this substance was actually the acetyl 
derivative of floridoside, a larger quantity was prepared and de-acetylated by 
the method of Helferich and Bredereck [1928]. For this purpose 1 g. of the 
hexa-acetate was dissolved in 7-5 cc. of dry chloroform and cooled to —15 
to this were added, with constant shaking, 5 cc. of sodium methoxide whose 
titre had been previously determined with N sulphuric acid; the mixture, which 
set to a gel, was kept cold for 14 hours and then treated with the amount of 
N sulphurie acid which was equivalent to the sodium methoxide; after tho- 
roughly shaking, the chloroform was run off from below and the aqueous alco- 
holic layer was evaporated to dryness in a vacuum desiccator. The residual 
mixture was extracted repeatedly with absolute alcohol, and the combined 
extracts on evaporation yielded a crystalline solid which separated from alcohol 
in wart-shaped aggregates and melted at 126—-127°. (Found: C, 42-38; H, 7-12 %. 
Calc. for CgH,,0,: C, 42-52; H, 7-12 %.) A molecular weight determination by 
depression of freezing-point in aqueous solution gave 241. CyH,,O, requires 254. 


1 On subsequently determining the amount of reducing sugar produced after hydrolysis of 


the syrup the floridoside content of the dry weed was estimated to be 0-09 %. 
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Colin and Guégin obtained for their sample a value of 245, by the method of 
plasmolysis. 

The specific rotation was [¢]p+158-4° as compared with 160° given by Colin 
and Guégin. 

A portion of the pure substance when oxidised with nitric acid yielded 
crystals of mucic acid M.P. 213-214°. Another portion was hydrolysed by heating 
for 2 hours at 70° with 5 % hydrochloric acid; after neutralisation and evapora- 
tion the residual product was oxidised with bromine water, when on testing 
with «-naphthol and sulphuric acid it gave a characteristic green colour, indi- 

cating the presence of glycerol. 

Taking all these facts into consideration it may be regarded as established 
that Corallina officinalis contains floridoside ; the amount contained in this weed 
is, however, small and as it defied isolation by the method of Colin and Guégin, 
it is thought that the method of acetylation here described may be useful in 
other cases for establishing the presence of floridoside when only small quan- 
tities are present. 

Examination of the precipitate A. 


This material was suspended in water and decomposed with hydrogen 
sulphide: after removing the lead sulphide the filtrate was evaporated under 
reduced pressure at 40°; a yellowish-brown syrup resulted which, on keeping 
for some weeks in a vacuum, dried to a friable resinous material D. The 
weight of the crude material obtained from 1 kg. of dried weed was about 8 g. 

This substance was readily soluble in water but insoluble in organic solvents; 
its aqueous solution was neutral to litmus and gave a marked biuret reaction 
of a reddish-pink tint. 

The material was hydrolysed by boiling in aqueous solution over a sand- 
bath with twice its volume of concentrated hydrochloric acid for 3} hours, 
after which the solution no longer gave a biuret reaction. 

An estimation of amino-nitrogen gave a five-fold increase after hydrolysis, 
showing the substance to be a pentapeptide. 

The nature of the product obtained on hydrolysis was determined as follows. 
6g. of the resinous substance D were dissolved in 10 cc. of water and boiled 
over a sand-bath with 10 cc. of concentrated hydrochloric acid for 34 hours. 
The dark brown liquid resulting was evaporated to dryness over a water-bath 
and left in a desiccator over caustic potash. The residue was then taken up in 
water, decolorised with charcoal and filtered ; the filtrate, still strongly acid with 
hydrochloric acid, was treated with caustic soda until the reaction was brought 
to about p,, 3-6, when a precipitate appeared which was soluble both in acid 
and in alkali; it was filtered and crystallised from water from which it separated 
in prisms; heated in a sealed capillary tube the substance showed signs of melting 
with decomposition at about 270°. 

Analysis showed the substance to be aspartic acid. —— C, 35-84; 
H, 5-26; N, 10-39%. Cale. for C,H,NO,: C, 36-08; H, 5-27; N, 10-53% 
Aspartic acid was further characterised by the fact that a cold aqueous solution 
of this substance gave with a solution of copper acetate a deposit of fine blue 
needles of the sparingly soluble copper salt. 

It is proposed to examine the properties of the peptide more closely when 
more material is available and also to investigate its physiological significance. 
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SUMMARY. 


1. Extraction of the red sea weed, Corallina officinalis, with hot water 
yielded a solution containing floridoside and a new pentapeptide of aspartic acid. 

2. The floridoside was isolated by conversion into its hexa-acetyl derivative 
M.P. 100—-101°, a compound which has not been described before; this was then 
de-acetylated and the liberated floridoside was identified by analysis and by its 
physical constants. 
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CCXLIV. STUDIES OF THE PHYSIOLOGICAL 
IMPORTANCE OF THE MINERAL 
ELEMENTS IN PLANTS. 


VI. THE INFLUENCE OF POTASSIUM CHLORIDE ON 
THE RATE OF DIASTATIC HYDROLYSIS 
OF STARCH. 


By WILLIAM OWEN JAMES anp MARGARET CATTLE. 
From the Department of Botany, Oxford. 


(Received October 14th, 1933.) 


THERE appears to be good evidence for the activation of animal diastases by 
a variety of salts, chlorides being the most effective [Haldane, 1930]. The results 
so far recorded for plant diastases are not so unanimous. Thus Sherman and 
Thomas [1915] reported an increased rate both of starch disappearance and of 
sugar production when numerous salts were added to malt diastase, but Sherman 
and Tanberg [1916] found no acceleration of sugar formation by the diastase of 
Aspergillus Oryzae, though Kellerman [1903] had already reported such an 
effect. These scanty and contradictory results suffer further from the fact that 
the acidity of the digests with which they were obtained was neither controlled 
nor observed, so that complete reinvestigation of the problem with all experi- 
mental precautions seemed the only means of reaching a satisfactory solution. 
This was undertaken as a contribution towards the study of the physiological 
importance of those elements which are derived by plants from the soil, and 
which remain in large part as simple salts within plant cells. 


EXPERIMENTAL. 


All the material used in this investigation was derived from a 1932 crop of 
potatoes var. King Edward. The potatoes were stored in a dark cellar and, for 
a short time before use, in the laboratory. All the experiments to be described 
were carried out during the months May- July 1933. At this late stage the 
tubers had produced small sprouts and were perceptibly softening due to loss 
of water. Large shoots 9-12 inches long with small leaves were obtained from 
some of the tubers by planting them in shallow boxes of sandy soil and keeping 
them moist. Three sorts of tissue were thus available and were used for the 
experiments, viz. tubers, small sprouts, and fairly large shoots. 

Enzyme extracts were obtained from the tubers by peeling, mincing and 
finally pressing out the juice. During these operations the material was kept 
flooded with toluene to prevent bacterial contamination; this also had the 
further result of excluding air and so preventing blackening of the extract by 
oxidase actions which were otherwise very strong. The extract was allowed to 

1 Previous papers of this series have appeared in the Ann. Bot. 1930 et seq., and the New 
Phytologist (in the press). 
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stand for half an hour, and the liquid could then be decanted free from suspended 
starch. A slightly different method was necessary with both the large and small 
shoots, which were ground vigorously with water (15 g. fresh weight with 25 cc. 
toluene and water) and the extract then filtered through muslin. Subsequent 
dilutions of the extract were made varying with the particular experiment to 
be performed. 

Diastatic activity was examined in three different ways: 

(1) by the rate of disappearance of starch ; 

(2) by the rate of formation of sugars from starch ; 

(3) by the rate of formation of sugars from dextrin. 


The rate of disappearance of starch was measured by Wohlgemuth’s method carried out in 
narrow glass tubes enabling small quantities and relatively thin layers of solution to be used. 
This was necessary owing to the opacity of some of the enzyme solutions. The digests used 
contained 0-2 cc. of 0-5 % solution of Lintner’s soluble starch +0-05-1-00 cc. enzyme extract 

0-05 ec. toluene with water to make up to 1-25 cc. The tubes were incubated at 35° for a 
suitable time as determined by preliminary experiments; iodine was then added to each tube. 
The tube containing the weakest enzyme solution causing complete disappearance of the starch 
was then noted and the strength of the original enzyme extract calculated. 

The rate of formation of sugars from starch was measured by the Hagedorn-Jensen method 
as modified by Hanes [1929]. Incubation was carried out again at 35°, the time period required 
usually being 24-48 hours. Preliminary experiments showed that these intervals lay on the 
linear portion of the hydrolysis progress curve. Lintner’s soluble starch (supplied by B.D.H.) 
was again used as substrate. Three digests were used for every estimation. 

Commercial preparations of dextrin could not be used for the third set of experiments as 
they were found to contain a strong inhibitor of the enzyme. No linear phase existed in the 
progress curves of their hydrolysis, which was very incomplete. The inhibitor could not be 
removed by electrodialysis or by controlling the p,,. Dextrin solutions were, therefore, prepared 
in the laboratory from Lintner’s starch by the following method. A thick paste was prepared 
by dissolving 12-5 g. of starch in 250 ec. hot water, boiling for 10 minutes and cooling to 35—40°. 
The paste was strained through muslin while still warm, and 0-25 g. of an active takadiastase 
preparation (presented by Parke, Davies and Co.) added in 25 cc. of water. The progress of 
hydrolysis was followed by spot tests with iodine outside the solution. When the iodine colour 
had entirely disappeared, but the red dextrin colour was still present, the enzyme was destroyed 
by boiling for 2 minutes. The dex:*in solution thus prepared contains a large amount of reducing 
sugars which carries the determination off the scale of the Hagedorn-Jensen method. This was 


oO 


removed by fermentation with an equal volume of 15 °% yeast suspension for 3 hours at 35°. 
A stream of air was bubbled through the flask throughout the 3 hours. The yeast could not be 
removed by the usual method of flocculating with alumina cream since after such treatment the 
dextrin preparation inhibited the hydrolysing enzyme. Separation was effected by 2 minutes’ 
boiling followed by centrifuging at about 3000 r.p.m. A clear solution of the dextrin with only 
slight reducing powers and no enzyme inhibitor could then be decanted. Using this solution as 
substrate the rate of sugar formation by the potato extract was determined as with the starch 
solutions except that the incubation time required was only 1 or 2 hours. 


The action of potassium chloride on the enzyme activity was first examined by adding 5 ce. 


of 0-20 % potassium chloride to 5 cc. of enzyme extract and after a thorough mixing adding 
2 ce. of this mixture to 50 cc. of substrate solution. In all the experiments recorded here the 


oO 


original concentration of potassium chloride used was 5 % since this amount was found to be 
optimum. The final concentration of potassium chloride was 0-19 % in the digests where sugar 
formation was examined. In the Wohlgemuth experiments in which the concentration of enzyme 
was made to vary the amount of potassium chloride was kept constant relative to the amount of 
enzyme. Control experiments were performed by adding 5 cc. of distilled water to the enzyme 
extract. 

All the extracts were strongly buffered by the natural buffer systems at py 6, and the frequent 
colorimetric determinations carried out showed that this did not vary with the addition of 
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potassium chloride or any of the other experimental manipulations. The optimum py of the 
potato diastase was found to lie between 6 and 6-5. It was therefore unnecessary to add artificial 
buffers which inevitably complicate the system when salt effects are under investigation. Every 
precaution was taken by the use of toluene and by boiling the solution whenever possible to 
avoid bacterial infection. 

In the following paragraphs the results are expressed in terms of the ratio: 


rate in presence of potassium chloride 


' rate in absence of potassium chloride * 





This method is adopted as it conveys all the essential facts and avoids difficulties that would 
étherwise arise in expressing absolute rates in units applicable to all the experiments. 


Tubers. 

The rate of starch disappearance in the presence and absence of 5 °/ potas- 
sium chloride as measured by the Wohlgemuth method in the form already 
described showed an increase due to the salt. The ratio of the two rates of break- 
down was about 1-8. 

The corresponding rates of sugar formation, determined with the same 
enzyme extract, also showed an increase in the presence of the chloride. The 
ratios of the two rates were 1-97 (24 hours’ digestion) and 1-85 (48 hours’ diges- 
tion). 

The Wohlgemuth results can only be regarded as very approximate but in 
view of later evidence the similarity of the ratios acquires a certain significance. 
Numerous repetitions of the sugar determination with further tuber extracts 
gave similar results. 

The rate of sugar formation from dextrin was also examined and the results 
were in sharp contrast with the above. Two separate experiments each con- 
taining three digests gave the following results: 

Exp. 1 Exp. 2 
Rate with KCl , ; 
ae ere A 1-03 0-98 
Rate without KCl 
There is therefore no activation of the enzyme causing the formation of sugars 
from dextrins. 


Small sprouts. 
Three experiments on the rates of starch breakdown by extracts of these 
shoots gave the following ratios: 
| Exp. | Exp. 2 Exp. 3 


} _ Rate with KCl LS 15 7 


Considerable activation took place, therefore, though probably not so much as 
in the tuber extracts. 

The formation of sugars from starch on the other hand showed no accelera- 
tion due to potassium chloride. Experiments were performed with extracts 
from green shoots produced in the light and from aetiolated shoots formed on 
tubers kept continuously in the dark. The result was the same in both. 

Enzyme extract from Enzyme extract from 
green shoots aetiolated shoots 
Rate with KCl 


sieeeeee nee —eene 1-00 1-02 
Rate without KCl 





This it will be noticed is in sharp contrast with the corresponding result for 
tuber extracts where 80-100 % activation took place. 
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The production of sugars from dextrin was not activated : 
Exp. 1 Exp. 2 


> > 77 cc. 
Rate with KCl 0-95 1-00 


Rate without KCl 
Large shoots. 
The values obtained for the ratio of the rates with and without potassium 
chloride were: 


Starch Formation of sugar Formation of sugar 
disappearance from starch from dextrins 
3 ‘ - 
. 1-3* 1-00 
0-85 


Mean “ j Ss 93 


* Average of four titrations (two digests). 


Activation is evident in the rate of starch disappearance and in the rate of 
formation of sugar from starch, but not in the formation of sugar from dextrin. 

The amount of activation is less than in tubers or in younger sprouts, but 
it is noteworthy that, as with tuber extracts, the amount of activation of sugar 
formation is equal to the amount of activation of starch breakdown. 


DISCUSSION. 

It is clear from the above results that the diastatic hydrolysis of starch must 
be considered in at least two stages, each stage involving its own enzyme. One 
enzyme responsible for the immediate breakdown of starch molecules to form 
“dextrins” is capable of activation by potassium chloride (and perhaps other 
salts) while another enzyme concerned with the production of sugar from the 
dextrin formed by the first enzyme is not capable of such activation. This is 
true of all the material we have examined as may at once be seen from the 
foregoing section. The rate of formation of sugars from a starch substrate 
expresses the summation of these two processes and the results obtained here 
are at first sight less harmonious. Extracts from tubers and the larger shoots 
showed an activation but extracts from small shoots showed none. A simple 
explanation is provided, however, if we suppose that the tubers and large shoots 
contain relatively little of the starch-destroying enzyme and relatively much 
of the sugar-forming enzyme, and that the contrary relationship holds in the 
young sprouts. Then in the young sprouts where the starch-destroying enzyme 
is supposed to be comparatively plentiful an activation of this first enzyme will 
have no effect on the rate of sugar formation because it will still be restricted 
by the less active and inactivable second enzyme. 

To clinch this argument it is necessary to show that the actual quantities 
of enzyme as shown by their activity in the presence of excess substrate have 
the appropriate relative values. To do this directly it would be necessary to 
convert the amounts of starch destroyed into their hexose equivalents, using 
some arbitrary factor for conversion, and to rely on the values supplied by the 
Wohlgemuth method. A more reliable comparison, having regard to the experi- 
mental data available, can be made by comparing the two methods of sugar 
production. When the first enzyme is more abundant and the “dextrinase” 
enzyme is controlling the rate of reaction the ratio 

Rate of sugar production from starch 


Rate of sugar production from dextrin 
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must be 1; conversely when the first enzyme is the less plentiful the ratio will 
fall below unity. The values calculated from the experimental results were: 


Tubers.... we ee er 0-050 
Small sprouts... i a 1-149 
Large shoots sas ae = 0-118 


and therefore provide striking verification for the theory. 

All our results are thus explained by the fact that the starch-dissolving 
enzyme of diastase can be activated by potassium chloride but that the “dex- 
trinase’’ component cannot. It is interesting to note that the apparently dis- 
cordant results of earlier workers can all be explained in the same way. All the 
experiments performed with a method measuring the rate of starch disappearance 
indicated an activation by the salts employed [malt diastase, Sherman and 
Thomas, 1915; takadiastase, Sherman and Tanberg, 1916; potato diastase 
Haehn and Schweigart, 1923]. Apparently contradictory results were obtained, 
however, when the rate of sugar formation was taken as a criterion, and apart 
from possible deficiencies of technique, such as lack of control of acidity, these 
differences may well have been due to different proportions of starch-dissolving 
and sugar-forming enzymes in the preparations used by the different workers. 


SUMMARY. 


1. The effect of 5 % potassium chloride on the activity of potato diastase 
was examined in extracts of tubers, young sprouts and older shoots. 

2. It was found that the rate of bre akdown of starch was always accelerated, 
but that the formation of sugars from dextrin obtained from the starch was 
never accelerated. 

3. In the presence of an excess of the substrate, the rate of production of 
sugars from starch was accelerated only if the rate of starch breakdown was 
slow relatively to the rate of formation of sugars from dextrin. This is to be 
expected from the previous results assuming that the dextrin is an intermediate 
product in the hydrolysis of starch to sugars. It furthermore affords a simple 
explanation of the apparent discrepancies between the results of previous workers. 


This work was carried out as part of an investigation made possible by a 


grant in aid from the Department of Scientific and Industrial Research to whom 
our gratitude is due. 
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CCXLV. THE MICRO-DETERMINATION OF 
PHOSPHORUS AS PHOSPHOMOLYBDATE. 


By ROBERT HENRY ADERS PLIMMER. 


From the Chemistry Department, St Thomas’s Hospital 
Medical School, London. 


(Received October 17th, 1933.) 


THE oxidation of organic matter with sulphuric and nitric acids and the esti- 
mation of ammonium phosphomolybdate volumetrically was introduced into 
biochemical work by Neumann [1902]. Plimmer and Bayliss [1906] found that 
the precipitation was not certain and the filtration was slow and liable to error. 
They defined the conditions for precipitation, introduced a new way of rapid 
filtration and proved the accuracy of the method for quantities of phosphorus 
ranging from 10 to 20 mg. Gregersen [1907] also determined the conditions of 
precipitation and found the method accurate for 1 to 30 mg. of phosphorus. 
Woerner [1908] confirmed the accuracy of the method. Other workers, Raper 
[1914], Heubner [1914], Jodidi and Kellog [1915], Kleinmann [1919], Iversen 
[1920], Euler and Svanberg [1921], Kuhn [1923], Sorensen [1925], Macheboeuf 
[1926] and Flatter [1933] have maintained either that the method is inaccurate 
for micro-quantities, or of no value for quantities below 0-1 mg. Greenwald 
[1913] and Taylor and Miller [1914] however obtained satisfactory results with 
quantities of 0-015 to 0-12 mg. Pregl [1930], who weighed the precipitate, re- 
garded the process as accurate and quotes Lieb as proving the method applicable 
volumetrically to 0-03 mg. 

Since excellent results are generally agreed to be given with from 0-1 to 10 mg., 
there seemed no reason for the failure with 0-01 to 0-1 mg. Having used the 
method for estimating 1 to 30 mg. since 1906, we were interested to ascertain 
the reason for the general failure with the micro-quantities. 


EXPERIMENTAL. 


[It was shown by Plimmer and Bayliss [1906, p. 441] that the condition for 
complete precipitation of ammonium phosphomolybdate was the presence of 
30 cc. of 50 % ammonium nitrate (17 g.) solution for 10 cc. of conc. sulphuric 
acid in a volume of about 200 cc. The same conditions were applied to the 
precipitation of micro-quantities of phosphorus from 0-01 to 1 mg., but with 
smaller quantities of reagents and in a smaller flask. In all experiments there 
was complete precipitation. 

Filtration and washing of the macro-precipitate was accomplished on a 
filter-paper on a perforated platinum plate fused into a glass funnel. This filter 
has been found unsuitable for micro-quantities, even with two papers of barium 
sulphate quality. The use of asbestos on this filter was rejected as a large amount 
of inert material would be present during the subsequent titration with the 
necessity of testing the filter before each estimation. Trial of an asbestos filter 
of the form described by Bertrand [1913] for glucose estimation showed that it 
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retained the fine yellow precipitate, and that the latter could be dissolved on 
the filter in standard alkali and titrated in the usual way. Titration of the 
micro-quantities was carried out with NV/10 or N/20 alkali and acid. The results 
with the micro-quantities of 0-1 mg. and less were generally from 5 to 10 % 
too high, just as had been found by other workers. 

Numerous trials were made altering the amount of acid in the solution 
during precipitation of the ammonium phosphomolybdate. It was found that 
complete precipitation took place in concentrations of nitric acid from N to 5N, 
and in concentrations of sulphuric acid from N to 3N in presence of the corre- 
sponding amount of ammonium nitrate. The results were still too high. Above 
3N sulphuric acid, precipitation did not occur even on the addition of more 
ammonium nitrate. 

Trials with alteration of the amount of ammonium molybdate in the solution 
gave irregular results, generally higher with more ammonium molybdate. Im- 
purity in the ammonium molybdate was suspected as the cause of the high 
results. At this time Prof. J. L. Rosedale was testing Pregl’s gravimetric method 
in this laboratory with which he obtained satisfactory results. Pregl used a 
special acid ammonium molybdate for precipitation. In its preparation it was 
noticed that a small yellow deposit was present ia a larger bulk of white pre- 
cipitate, which indicated the presence of small amounts of phosphorus in the 
reagent. On testing this reagent in place of the usual ammonium molybdate, 
the results were satisfactory. The cause of the high results was an impurity of 
phosphate in the molybdate reagent. 

One other change was made in the procedure of Plimmer and Bayliss. The 
precipitate of ammonium phosphomolybdate was washed with 50 % alcohol, 
which was shown by Taylor and Miller not to dissolve it. The compound is 
slightly soluble in water. 

The procedure of micro-estimation is as follows. To the measured volume 
of unknown solution in a 100 cc. flask are added 10 or 20 cc. of 10 % ammonium 
nitrate solution and 0-5 or 1 cc. of conc. H,SO,. The mixture is raised to the 
boiling-point and from 1 to 10 cc. of Pregl’s ammonium molybdate solution 
are added?. Precipitation begins immediately and filtration can be carried out 
after 15 minutes. The acid solution is filtered. through a Bertrand filter into a 
filter-flask, and the flask and filter are washed 6 times with 3-5 cc. of 50 % 
alcohol. It is not necessary that the whole of the precipitate be washed on to 
the filter. The filter-tube is removed, washed on the outside with water, and 
placed in one opening of a two-holed cork fitting the 100 cc. flask; the other 
opening carries a small bent tube for connection to a filter-pump. A slight 
excess of N/10 or N/20 alkali is run on to the filter from a burette; on stirring 
the precipitate dissolves and the solution is drawn into the flask, and the filter 
is washed 6 times with 3 to 5 cc. of water. The total volume is about 25 cc. 
A piece of porous plate is put in and the mixture is boiled for about 5 minutes 
to remove ammonia; one drop of phenolphthalein solution is added and the 
solution titrated with standard acid. A slight excess of the acid is added, the 
solution is again boiled to remove CO, and back-titrated with N/10 or N/20 
alkali. The same factor, 1 cc. N/20 NaOH =0-1268 mg. P,O,; or =0-05536 mg. P, 

1 Pregl’s solution is made as follows. 150 g. of powdered ammonium molybdate are treated 
with 400 cc. of boiling water and shaken until dissolved. When cool, the solution is added slowly 
and with constant shaking to 50 g. ammonium sulphate in 500 cc. of nitric acid of sp. gr. 1-36 
in a litre flask. After standing for 2 days the mixture is filtered and stored in a brown glass bottle. 
It has been found that 61 g. of ammonium nitrate can be used instead of the ammonium sulphate. 
The reagent slowly gives a deposit, and must be filtered before an estimation of phosphorus. 
114~2 
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is used. Quantities from 0-01 to 0-1 and 1-0 mg. P have been accurately esti- 
mated as shown by the following figures: 




















mg. P Titration mg. P mg.P Titration mg. P mg.P Titration mg. P 
taken cc.N/20 found taken cc.N/20 found taken cc.N/20 found 
0-1 1-9 0-1052 0-09 1-75 0-0969 0-08 1-5 0-0830 
1-9 0-1052 1-55 0-0858 1-45 0-0803 
1-9 0-1052 1-6 0-0886 1-4 0-0775 
1-75 0-0969 1-5 0-0830 1-45 0-0803 
1-75 0-0969 1-6 0-0886 1-45 0-0803 
0-07 1-3 0-0720 0-06 1-1 0-0609 0-05 1-0 0-0554 
1-3 0-0720 1-1 0-0609 1-0 0-0554 
1-2 0-0664 1-2 0-0664 1-0 0-0554 
1-2 0-0664 1-05 0-0581 1-0 0-0554 
1-25 0-0692 1-15 0-0637 1-0 0-0554 
0-04 0-85 0-0471 0-03 0-5 0-0277 0-02 0-45 0-0249 
0-8 0-0443 0-6 0-0332 0-35 0-0194 
0-7 0-0388 0-6 0-0332 0-45 0-0249 
0-8 0-0443 0-6 0-0332 0-45 0-0249 
0-8 0-0443 0-55 0-0305 0-45 0-0249 
0-01 0-2 0-O111 0-1 1-75 0-097 : 
0-25 0-0138 0-2 3-5 0-194 ce. N/10 
0-25 0-0138 0-3 5-1 0-282 0-7 6-0 0-664 
0-25 0-0138 0-4 7-05 0-390 0-8 7-0 0-775 
0-3 0-0156 0-5 8-75 0-484 0-9 77 0-852 
0-6 10-75 0-595 1-0 8-6 0-952 








Better results would 
have been obtained with a micro-burette, and N/25 or N/50 alkali and acid 


All the titrations were made with an ordinary burette. 


could have been used. 

Filtration, washing and titration can be effected in 15 to 20 minutes, so that 
four estimations can be made in | hour. For quantities above 1 mg. P, the 
perforated platinum plate is preferable. 

The sensitivity of the precipitation of ammonium phosphomolybdate under 
the above conditions has been tested qualitatively. Quantities of P from 0-009 
to 0-006 mg. began to come down in 2 to 3 minutes: from 0-005 to 0-003 mg. 
in 6 to 12 minutes; 0-002 mg. showed on standing 1 hour and 0-001 mg., which 
was just visible but quite evident on filtering on to the asbestos, in 14 hours. 

The method is applicable to solutions of inorganic phosphate as above 
described. It is applicable to all forms of organic phosphorus for estimation of 
total phosphorus. In this case, 1 ce. of conc. H,SO, is added, oxidation is 
effected with nitric acid and to the cool residue 20 cc. of 10 9% ammonium 
nitrate are added and then 5 to 20 cc. of Pregl’s ammonium molybdate. Inorganic 
phosphate in the presence of phosphoric esters not rapidly hydrolysed by acid, 
such as are present in blood-filtrates, can be estimated, especially if filtration 
is carried out after 15 minutes, or if the precipitation is allowed to proceed at 
room temperature overnight, which was shown by Plimmer and Page [1913] to 
be quantitative. The conc. H,SO, can be omitted if 10 cc. ammonium molybdate 
be added. The following determinations were made with 5 cc. of a trichloroacetic 
acid blood-filtrate : 
(1) 7-74 mg. per 100 ce. (hot) as against 7-44 mg. by Fiske and Subbarow’s colorimetric method 
(2) 3-88 (hot) & 3°34 ,, kindly performed by Dr Griffiths 

3-34 (cold) 
It has not been possible to test the method for a compound like phosphagen 
which is very easily hydrolysed by acid. For this purpose it would be necessary 
to precipitate the inorganic phosphate as ammonium magnesium phosphate, 
to add acid to the filtrate to hydrolyse the compound and then estimate the 
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inorganic phosphate. It would also be possible to make this estimation by 
dividing the solution into two parts, to add acid to one part and then estimate 
the inorganic phosphate in both portions as ammonium magnesium phosphate. 
The difference would give the phosphagen-phosphorus. The phosphorus in the 
ammonium magnesium phosphate can be estimated by the molybdate method 
after dissolution in dilute nitric acid. 


SUMMARY. 


’ The accurate estimation of micro-quantities of 0-01 to 0-1 mg. of phosphorus 
by the molybdate method depends upon (1) the conditions of precipitation; 
20 cc. of 10 9% ammonium nitrate solution must be present for every cc. of 
cone. H,SO,; (2) the use of a purified solution of ammonium molybdate such 
as that of Pregl, (3) the filtration of the precipitate on an asbestos filter such as 
that of Bertrand. 


A research grant from Imperial Chemical Industries has covered the cost 
of materials used in these experiments. 
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XXXV. THE METABOLIC PRODUCTS OF BYSSO- 
CHLAMYS FULVA OLLIVER AND SMITH. 
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Tropical Medicine, University of London. 


(Received October 27th, 1933.) 


OLLIVER AND SmitH [1933] described a new Ascomycete, Byssochlamys fulva, 
which is of fairly frequent occurrence as a cause of spoilage in processed fruits 
and is of considerable economic importance in the fruit canning industry. The 
source of the fungus is at present unknown, and the prevention of infection is 
difficult on account of the high resistance to heat shown by the spores. The 
mature conidia are unaffected by the normal sterilising process in which the 
maximum temperature attained exceeds 90°. In connection with its resistance 
to what would usually be considered lethal conditions it is of interest to note 
that the type species of the genus, B. nivea Westling [1909], can withstand 
prolonged immersion in 90 % alcohol and was actually isolated from botanical 
specimens preserved in spirit, the mould appearing as soon as a portion of the 
specimen became uncovered owing to gradual evaporation of the preservative. 

The present paper is an account of the chief metabolic products which are 
formed when B. fulva is grown on a synthetic medium containing glucose as 
the sole source of carbon. In a preliminary test, in which the mould was grown 
on Czapek-Dox solution in test-tubes, it was noted that, after about 4 weeks’ 
incubation, addition of mineral acid to the metabolism solution gave a pre- 
cipitate which was soluble in ether. Further experiments show that the amount 
of precipitate obtained increases with continued incubation and appears to 
reach a maximum when. the glucose is entirely consumed; also that the yield 
varies with the temperature of incubation, being less at 30° than at 24° and 
becoming nil at 37°. Large-scale experimerts, in which the mould was grown 
on batches of 35 litres of medium at 24°, have resulted in the isolation, from 
the acid precipitate, of a new and specific mould product, C,,H,,O,, M.P. 163-5”, 
which is definitely toxic to mice and for which the name byssochlamic acid is 
proposed. The substance titrates as a tetrabasic acid, giving salts of the type 
C,,H,,O,R,, and it is probable that it is contained in the metabolism solution 
as a mixture of salts of this general formula, acidification giving the free acid, 
C,,H,,0,, which immediately loses two molecules of water to give C,,H. Og. 
It is interesting to note that Wijkman [1931] describes a mould product, 
glauconic acid II, which has the formula C,,H,,O, and titrates, on warming, 
as a tetrabasic acid. The melting-point of glauconic acid IT, however, 186°, is 
sufficiently different from that of our product, 163-5°, to warrant our presump- 
tion that the two are different substances. 
o 
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The main metabolic product of the mould is mannitol, formed in amounts 
corresponding roughly with 30 % of the total sugar utilised. Other substances 
are produced in small amounts and are precipitated along with the byssochlamic 
acid, but these have not yet been investigated. This is only one of many instances 
of the production of mannitol from glucose by mould fungi. It is now known 
that a fairly large number of species, belonging to several different genera 
(Penicillium, Aspergillus, Helminthosporium, Clasterosporium, and now Bysso- 
chlamys) can effect this conversion. It is certainly remarkable that the pro- 
duction of mannitol from glucose is so common, whilst there is no known case 
of the conversion by moulds of glucose into sorbitol, a change which is easy to 
effect by purely chemical reduction. 


.XPERIMENTAL. 


The culture medium used was the standard Czapek-Dox solution containing 
5 % of glucose: water to 1000 cc.; glucose, 50 g.; NaNO,, 2 g¢.; KH,PO,, 1 g.; 
KCl, 0-5 g.; MgSO,, 7H,0, 0-5 g.; FeSO,, 7H,0, 0-01 g. Five large- scale e xperi- 
ments have been carried out, in each case using 100 conical flasks, of 1-litre 
capacity, each flask containing 350 cc. of solution. The medium was sterilised 
by steaming for an hour on each of three consecutive days and was then sown 
with a spore suspension made from 6 cultures of B. fulva on wort-agar slopes, 
the cultures being at least 10 days old. 

In the first experiment three of the flasks were incubated at 37°, three at 30 
and the remainder at 24°. At 37° growth was exceedingly slow at first owing 
to the fact that the spores used for inoculation were completely wetted and 
sank to the bottom of the liquid, with the result that a gelatinous, submerged 
mycelium was slowly formed, and only when this was sufficiently extensive to 
reach the surface were normal aerial colonies produced. After this, growth was 
rapid, but at no stage did the solution give a precipitate on addition of acid. 
The results of analyses of the contents of flasks incubated at 30° and 24° are 
given in Table I. The column headed “On acidification” indicates the result 


Table I. 








30° 24° 
c are _ ae 7 ‘ . x 
Days % glucose % glucose 
incu- by polari- by polari- 
bation Pu meter On acidification Pu ‘meter On acidification 
18 4-5 3°87 Solution clear 4-7 4-33 Solution clear 
32 4:5 1-61 Faint opalescence 4-8 2-26 Slight precipitate 
57 4-5 Nil Very slight 4-8 Nil Considerable 
precipitate precipitate 


obtained by making the filtered metabolism solution acid to Congo red by 
addition of HCl, when the appearance of the liquid is a rough indication of the 
amount of the specific product. The sugar is thus utilised more rapidly at 30 
than at 24° (this is confirmed by the growth rate as judged visually), but less 
of the specific product is formed. 

The contents of the remaining 91 flasks were worked up, as described below, 
for isolation of products at the end of 57 days’ incubation. 

In the second and subsequent experiments all the flasks were incubated 
at 24° until the solution had a rotation close to zero, the periods varying from 
56 to 63 days. At the end of the incubation period the contents of the flasks 
were filtered, the mycelium was well squeezed out and washe d with water, and 
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an average sample of the mixed filtrate and washings taken for analysis. To 
the main bulk of liquid was added, with vigorous stirring, sufficient concentrated 
HCl to make the liquid definitely acid to Congo red (100 ce. acid). A yellow 
flocculent precipitate formed at once and, after standing overnight, was filtered 
off, washed with water and dried in vacuo over H,SO, (acid precipitate, see 
below). In no case did further addition of acid to the mother-liquor give any 
more precipitate. 

In Exp. 1, the mother-liquor was neutralised to methyl red by 450 cc. of 2N 
NaOH and then evaporated to 800 cc. in vacuo at 45-50°. On cooling, the con- 
centrate deposited a large amount of semi-crystalline solid and, on standing at 0°, 
a further quantity of solid separated in the form of long, colourless needles. 
A small amount of the latter was taken out, drained at the pump and cautiously 
washed with cold water till free from the brown mother-liquor. The crystals 
were perfectly colourless, dissolved readily in cold water, had M.P. 166-167 
and, mixed with a sample of pure mannitol, melted at 166—167°. By recrystalli- 
sation from 66 ° alcohol of the main bulk of solid matter the latter was shown 
to consist almost entirely of mannitol mixed with small amounts of inorganic 
salts. 

In Exps. 2, 3 and 4 mannitol was estimated in the filtered metabolism 
solution, using the polarimetric method of Raistrick and Young [1931] (see 
Table III, column 5). The total volume of solution in each case was measured 
and the total production of mannitol from the 1750 g. of glucose originally 
present was calculated. In Exp. 4 the metabolism solution, after removal of 
the acid precipitate, was concentrated in vacuo (without previous neutralisation), 
the separated solid recrystallised from 66% alcohol and the mother-liquor 
alternately concentrated and treated with 2 volumes of alcohol until no further 
mannitol could be obtained. The total recovery of mannitol, attained without 
any preliminary purification of the solution, was 80 °% of the estimated amount. 

Treatment of the acid precipitate. In Exp. 1 the dry solid was yellowish-brown 
in colour and weighed 18-1 g. It was extracted with ether in a Soxhlet apparatus 
until nothing further was dissolved. Crystals soon began to separate in the 
extraction flask and gradually a dirty green solid, slowly turning black, was 
deposited above the liquid level, the ether solution being reddish-brown. The 
extraction was stopped at intervals, the crystalline solid being filtered off, well 
washed with cold ether and dried in air. The total time of extraction was approxi- 
mately 16 hours, and three solid fractions were obtained. A further quantity 
of solid was obtained by concentration of the combined mother-liquors, after 
which further evaporation gave only a thick brown syrup. The characteristics of 
the four solid fractions are given in Table II. Mixtures of any of the fractions 


Table IT. 


Weight 
Fraction Colour g. M.P. 
a Faint yellow 1-70 163 
b Pale bluish grey 4-15 162-163 
( Dark grey 1-70 162-163 
d Faint yellow 0-48 163 


all melted at 162-163°, showing that all consisted essentially of the same sub- 
stance. From the mycelium of the fungus a further quantity of identical material 
was obtained. The mycelium was dried in vacuo at a low temperature, finely 
powdered and extracted first with light petroleum, which rapidly removed a 
quantity of dark brown sticky material. Subsequent extraction with ether gave 
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1-08 g. of almost colourless prisms, M.P. 162-5-163°, unchanged by mixing with 
fraction “a” (above). 

The crude crystalline material was purified as follows. It was dissolved in 
benzene (approximately 6 cc. to every 1 g. of substance), boiled for some time 
to coagulate traces of the greenish pigment, the solution filtered hot and mixed 
with twice its volume of boiling ether. On cooling, colourless prisms, M.P. 163°, 
separated in almost quantitative yield. 

The acid precipitates obtained in Exps. 2-5 had similar characteristics and 
were treated in the same way. 

‘The yields of metabolic products, and other experimental details, are given 
in Table III. 

Table IIT. 


Metabolism solution Wt. of Wt. of 

Incu- — An ; Mannitol acid bysso- 

Experi- bation Rotation a precipi- chlamic 
ment period Volume 2dm.tube Estimated Isolated tate acid 

number days litres aa g. g. g. g- 

l 57 — Nil — 18-1 8-03 
2 63 31-8 +0-23° 597 — 16-8 6-28 
3 56 31-35 +0-025° 498 - 20-1 7-20 
4 56 31-48 — 0-03° 460 366 19-8 6-13 
5 59 — — 0-06 — — 23-5 8-10 


Characterisation of mannitol. All the mannitol isolated was in the form of 
colourless needles, mM.P. 166°, and, mixed with an authentic sample of pure 
mannitol, had m.p. 166—167°. In a 2dm. tube the rotation of a 2 % solution 
was «}°.. —0-02°, whilst a 2 % solution in a 6 % borax solution gave, in a 4dm. 
tube, «}5,,+2-92° and «!5,,+2-56°. The mean percentage of mannitol in the 
solution, calculated from the rotations using the tables of Raistrick and Young 
[1931], is 2-0. 

Byssochlamic acid. Byssochlamic acid was obtained by crystallisation from 
a mixture of ether and benzene in the form of colourless prisms, M.P. 163°. 
Recrystallisation from alcohol gave crystals of the same form, M.P. 163-5°, and 
the melting-point was not raised by further recrystallisation from alcohol, 
benzene and light petroleum. There is no obvious decompositi ion at the me aa 
point, and the melt is clear and colourless but does not resolidify on cooling, 
even when seeded. The pure substance is insoluble in water. It is slightly soluble 
in alcohol, the solution being faintly acid to litmus and giving no colour reaction 
with FeCl,. Its solubilities, at room temperature, in various organic solvents, 
expressed as g. substance in 100 cc. of solvent are approximately: acetone, 63; 
ethyl acetate, 33; chloroform, 20; benzene, 7-5; ether, 0-33; alcohol, 0-3; light 
petroleum less than 0-1. By slow evaporation of solutions in acetone or benzene 
the substance may be obtained in beautiful rectangular prisms up to half-an- 
inch long. Byssochlamic acid is insoluble in, cold dilute NaOH, but, on heating, 
dissolves slowly. It is reprecipitated unchanged by addition of mineral acid to 
the alkaline solution. It dissolves readily in warm concentrated HNO, and is 
recovered unchanged on evaporation of the solution. It is soluble in warm 
concentrated H,SO, and is reprecipitated on addition of water. The H,SO, 
solution darkens slowly when strongly heated. 

Micro-analysis (Schoeller) gave: Sample 1: C, 65-11, 65-16%; H, 6-12, 
rd 16 %; N, negative; OCH;, negative; molecular weight, 310, 326. Sample 2: 

, 65-15, 65-04 %; H, 6-10, 5-99 %. C,gH5,0, requires C, 65-03 %; H, 6-07 % 
sian weight, 332. 
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Estimations of molecular weight by depression of the freezing-point of 
benzene gave somewhat erratic results. In a 0-7 % freshly made solution, the 
observed molecular weight was 586. This fell gradually on standing to a final 
steady value of 322. In 1-3 % solution the final value was 352, and in a 2 % 
solution 407. The lowest values obtained indicate that the correct formula is 
C,gHj)0, and not C,H,,0,. 

Titration with V/10 NaOH to phenolphthalein in aqueous solution can be 
carried out only if the temperature is maintained near the boiling-point. Even 
then solution proceeds very slowly but the end-point is quite sharp. 0-1973 g. 
substance required 23-62 cc. N/10 NaOH, whence the equivalent (Z) is 83-5. 
In acetone solution titration to phenolphthalein proceeds smoothly in the cold 
and without lag. 0-2003 g. of substance, dissolved in 25 cc. of pure acetone, 
required a net amount, corrected for blank, of 24-01 cc. N/10 NaOH, whence 
E=83-4. C,,H,,O, titrating as a tetrabasic acid has H = 83-04. 

The specific rotation, using a 0-4 % solution in CHCl,, is [a]%,,+127°, 
[2] sr + 108°. 

The sodium salt is extremely soluble in water. Evaporation of the solution 
at room temperature in vacuo gives a syrup which slowly solidifies in micro- 
crystalline form. A 1 % solution of the sodium salt was used to test reactions 
with solutions of various metallic salts. Each test was made on 2 cc. of solution, 
the appropriate reagent being added drop by drop until no further reaction 
occurred, with the following results. 

AgNO, gives a white, amorphous precipitate, readily soluble in dilute HNO, 
or NH,OH, unchanged on standing for 24 hours but darkening gradually after 
several days or on prolonged heating at 100°. BaCl, gives a white precipitate 
separating slowly as rosettes of microscopic needles, and FeCl, a heavy, buff 
precipitate insoluble in excess of the reagent. Both normal and basic lead 
acetates give heavy, white amorphous precipitates. CaCl, gives no precipitate 
even on addition of four volumes of alcohol. Salts of Hg, Cu, Ni and U give no 
precipitates but, with the exception of Hg, give solutions which are much more 
intensely coloured than the reagents used. 

A quantity of the silver salt was prepared by adding approximately 100 % 
excess of the theoretical amount of AgNO, to a neutral solution of the sodium 
salt, the white amorphous precipitate being filtered off, washed and dried at 
100°. By ignition, Ag, 54-11, 54-10 %. Calculated for C,,H,,0,Ag,; Ag, 54:23 %. 

An unsuccessful attempt was made to prepare the free acid C,,H,,0O, by 
cautious acidification of the sodium salt. 0-5193 g. of byssochlamic acid was 
dissolved by heating with 62-5 cc. of N/10 NaOH. The cooled solution was 
covered with 200 cc. of ether, and 59-5 cc. of N/10 H,SO, (approximately 5 % 
less than the theoretical amount) were added in 2 cc. portions, shaking vigorously 
between additions. The ether solution was evaporated at room temperature 
in vacuo and the white residue dried by exposure to air. The M.P. was 163°, 
with no visible change at any lower temperature. A sample heated to constant 
weight at 100° lost 1:1%, the calculated loss, from C,,H,,0, changing to 
C,,H)0,, being 9-8 % 





Toxicity of byssochlamic acid. Toxicity tests have very kindly been carried 
out for us by Prof. Topley of the London School of Hygiene and Tropical 
Medicine. Twelve mice in three groups of four were injected with a solution of 
the readily soluble sodium salt. Three solutions in normal saline were made, 
such that the required amounts of substance were contained in 0-5 cc. The mice 
in the first group each received an intraperitoneal injection of 25 mg. of the 
sodium salt, and all were dead in 24 hours. The second group received 12-5 mg. 
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and, of these, one died in 24 hours, two after 2 days and one after 3 days. The 
third group were injected with 6-25 mg.; one died in 2 days, two in 3 days and 
one in 6 days. The substance thus shows a definite, though low, toxicity to mice. 

Further work is in progress with the object of elucidating the molecular 
structure of byssochlamic acid and will be reported in due course. 


SUMMARY. 


1. Byssochlamys fulva Olliver and Smith has been grown on Czapek-Dox 
‘solution at 24°, and it is shown that the metabolic product formed in greatest 
amount is mannitol. Yields equivalent to 30 % of the sugar consumed were 
obtained. 

2. A new mould product, byssochlamic acid, C,,H,,0,, M.P. 163-5°, has also 
been isolated from the metabolism solution, in yields of about 0-5 %. Bysso- 
chlamic acid is toxic to mice. 


Our best thanks are tendered to Mr T. Rendle, of Messrs Chivers and Sons, 
Ltd., Histon, Cambridge, who supplied us with cultures of Byssochlamys fulva. 
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CCXLVII. DIURNAL VARIATIONS IN THE 
BLOOD-SUGAR LEVEL OF THE 
LACTATING COW. 
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(Received September 7th, 1933.) 


LITERATURE relating to the bovine blood-sugar level shows that there is no 
concord of opinion as to the normal value. Among the earlier workers the 
average values recorded range from 50 mg. per 100 ec. [Awdejewa et al., 1927] to 
82mg. per 100 cc. [Schwarz, 1928]. Hewitt [1930] reports values of 79-95 mg. 
per 100 cc. for dry cows and 50-63 mg. per 100 cc. for lactating cows, and quotes 
average values ranging from 41 to 80-120 mg. per 100 cc. from a number of 
other workers. Hodgson et al. [1932] give an average value of 53 mg. per 100 cc. 
for cattle over 2 years old, and Turk and Work [1933] give 51 mg. per 100 cc. 
as their average for lactating cows. While it is conceivable that part of this 
variability is due to the different methods of analysis employed, the question of 
the time of sampling must not be lost sight of as a possible factor. 

The question of diurnal variation has so far received little attention. 
Richter [1928] could find no evidence of diurnal variation. Little et al. [1928], 
studied one cow, sampled hourly from 5 p.m. to 9 p.m. and again from 6 a.m. 
to 4 p.m. the following day, and obtained this sequence of figures: 56, 69, 62, 73 
and 66 mg. per 100 cc. for the evening samples and 66, 76, 90, 90, —, 76, 83, 93, 
78, 69 and 79 mg. per 100 cc. the next day. Hodgson e¢ al. [1932] sampled cows, 
which were fed at 6 a.m. and 4 p.m., at 7 and 10 a.m. and 1, 3 and 5 p.m., and 
obtained blood-sugar values of 51-4, 49-0, 50-7, 52-9 and 50-5 mg. per 100 cc. 
at these hours. Allcroft and Strand [1933] reported higher blood-sugar levels in 
the evening than in the morning with starving sheep. 


EXPERIMENTAL. 


In the course of regular sampling for blood considerable fluctuations of blood- 
sugar level in the dairy cows were observed, notably when a large number of 
cows were bled on the same day and the time of sampling was extended. The 
general tendency for the later-drawn samples to exhibit lower levels of blood- 
sugar suggested that there might be a steady diurnal decrease about this time, 
which might be part of a diurnal rhythm in the level of this constituent. The 
following work was therefore undertaken to test the question, the Hagedorn- 
Jensen blood-sugar technique being employed [1920]. 

Exp. 1. One cow was sampled hourly from 6 a.m. till 11 a.m. and the blood- 
sugar values obtained were 68, 67, 65, 59, 51 and 42 mg. per 100 cc., showing 
a steady decrease which was more marked in its later stages. 

Exp. 2. Two cows were sampled hourly from 6 a.m. till 3 p.m., their values 
for blood-sugar being given in Table I. 
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Table I. 
Time 6am. Tam. 8am. 9am. 10a.m. llam. Noon lpm. 2pm. 3p.m. 
Cow 9 78 73 70 65 65 58 55 48 55 64 
» 18 64 d+ 54 53 68 65 ~ 42 58 68 


These two preliminary tests were sufficiently suggestive to warrant fuller 
investigation. 
Exp. 3. Four cows, Nos. 9, 10, 17 and 18, near the end of their lactation 


period, were used. Samples were taken hourly from 3 a.m. till 11 p.m. and again, 


after a period of rest for the cows, from 
3am. to 7 a.m. the next morning. 
Cows 9 and 10 were sampled at the odd 
hours and cows 17 and 18 at the even 
hours, so that each cow was sampled 
every 2 hours. From the data ob- 
tained a composite curve was con- 
structed taking at each half-hour the 
average of the four cows, two half an 
hour before and the other two half 
an hour after; i.e. 7.30 represents the 
average of the four bloods taken at 
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mg. per 100 ce. 
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7 and 8 o’clock. This curve is shown in Average blood-sugar values from four 
Fig. 1 and exhibits a sharp decline from cows in Exp. 3. 

7.30 a.m. to about 11.30 a.m. followed Fic. 1 


by a small rise to 3.30 p.m. and subse- 
quent decrease. It was thought that the continual disturbance of the cows 
might account for the failure of the blood-sugar level to return to its high value 
in the early morning, and so for subsequent work the technique of sampling was 
modified. 

Exp. 4. To minimise the risk of continued disturbance it was decided to 
extend the experiment over 24 days, sampling only once a day, an hour later 
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—-—--— Dry cows [Exp. 4]. 
——— Lactating cows [Exp. 5]. 


each day. Previous work (unpublished) had shown that over a period of a week 
variations up to 16 % of the blood-sugar value were likely to occur when samples 
were drawn at the same hour each day. Six cows were used and divided into two 
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lots of three, one lot being bled at the odd hours and the other lot at the even 
hours, so that each lot of cows was only bled once in two days. The cows were 
dry at the time of this experiment. A composite curve, constructed as was 
Fig. 1, is shown by the broken line in Fig. 2. 

Exp. 5. This was a repetition of Exp. 4, using the same animals in the same 
groups, when the cows were in full lactation, some 7 to 10 weeks after calving. 
Their composite curve is given by the continuous line in Fig. 2. 

Exp. 6. To act as a check on the dry cows’ curves four dry sheep, two black- 
faced Highland wethers and two non-pregnant half-bred ewes, were used and 
sampled hourly over an extended period. Their composite curve is given in 
Fig. 3. 

Discussion. 


From the curves given in Figs. 1, 2 and 3 it is safe to conclude that, while 
there is no apparent diurnal rhythm in the blood-sugar level of dry cows and dry 
sheep, there is some evidence of a decided trend of diurnal changes in the blood- 
sugar level of lactating cows. In Fig. 1 the curve falls rapidly from 7.30 a.m. 
till 11.30 a.m. after which it rises slightly and falls again; its continued low level 
next morning was suspected to be due to the fact that the animals had been 
disturbed hourly over the early part of the night at a time when they would 
normally be quiescent. That this theory was in part at least correct is suggested 
by the adequate recovery obtained in Exp. 4, Fig. 2, when all possible precautions 
were taken to avoid unnecessary disturbance of the animals. This latter curve 
does not exhibit the same extreme fluctuations as does the curve in Fig. 1, nor 
do the low peaks of the two curves exactly coincide for time of day, but the 
curves are so strongly similar in character as to suggest the existence of a definite 
diurnal rhythm in the level of blood-sugar. The fact that no such rhythm is 
apparent in the curves for dry cows or dry sheep would seem to imply that this 
rhythm is associated with the state of lactation. This suggestion is in keeping with 
the work of Filipovic [1931], who observed that the rate of secretion of milk 
increased rapidly to a maximum about 4 to 5 hours after milking and thereafter 
slowed down again, and of Carlens and Krestownikof [1927], who noted that the 
level of blood-sugar was high before milking and fell during milking, unless the 
animal was unduly disturbed by the sampling. 

In all the work reported here the schedule of feeding hours was the same and, 
in the case of lactating animals, the hours of milking were the same. 

It is not the purpose of this communication to discuss or theorise over the 
possible physiological causes of the variations found but rather to emphasise the 
fact that, especially when dealing with lactating animals, it is highly important 
to keep the hour of sampling constant when comparable blood-sugar values are 
required. Further work, designed to discover the factor or factors causing the 
variation, would be of assistance in interpreting results obtained from various 


sources. 






[ wish to acknowledge my indebtedness to Mr W. Thomson for invaluable 
assistance with the sampling and to Mr W. Godden for his interest in this work. 
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A COLORIMETRIC method for the determination of glucosamine has recently 
been described by Zuckerkandl and Messiner-Klebermass [1931]. According to 
their procedure the test-solution, which should contain between 1 and 4 mg. 
glucosamine hydrochloride, is evaporated to dryness and treated with a freshly 
prepared solution of sodium methoxide. The free glucosamine base is then 
cautiously acetylated with acetic anhydride to yield the N-monoacety] derivative 
which can be estimated by means of the intense reddish-purple colour that 
develops when, after a preliminary treatment with dilute alkali, p-dimethylamino- 
benzaldehyde in acid solution (Ehrlich’s reagent) is added. We have found this 
method unsatisfactory. The acetylation of glucosamine which yields the N- 
monoacetyl derivative, under the conditions described by Zuckerkandl and 
Messiner-Klebermass does not appear to be quantitative and, moreover, rapid 
fading of the colour that develops on the addition of the p-dimethylamino- 
benzaldehyde reagent increases the difficulty of colorimetric estimation. That 
Zuckerkandl and Messiner-Klebermass were aware of the difficulties involved 
in the use of the method for quantitative purposes is evident from their descrip- 
tion of the reaction. They state that the error of estimation is, at the most, 6 %. 
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A colorimetric method for the determination of glucosamine has therefore 
been elaborated which avoids the process of evaporation to dryness and subse- 
quent conversion of the glucosamine into its N-monoacetyl derivative and which 
gives rise to very stable coloured solutions. The method depends upon the 
colour which develops when pyrroles are condensed with p-dimethylaminobenz- 
aldehyde. The conversion of glucosamine into the pyrrole derivatives (I) and 
(II), by the action of ethyl acetoacetate and acetylacetone respectively has 
been described by Pauly and Ludwig [1922]. When glucosamine hydrochloride 
is boiled in alkaline solution with either ethyl acetoacetate or ac etylacetone the 
resulting solutions, on treatment with E hrlich’s reagent in the presence of 
alcohol, develop a stable red colour. The colour obtained with the condensation 
product of acetylacetone (II) was found to be the more intense and for this 
reason was selected as a basis for the colorimetric determination described below. 


EXPERIMENTAL, 


Reagents. (1) Acetylacetone solution. The reagent is made by dissolving 1 cc. 
of acetylacetone in 50 cc. of 0-5 N sodium carbonate solution; the acetylacetone 
dissolves readily on shaking. The reagent should be kept in an ice-chest when 
not in use and should be prepared fresh every 4 or 5 days. 

(2) p-Dimethylaminobenzaldehyde reagent. p-Dimethylaminobenzaldehyde 
(0-8 g.) which has been twice recrystallised from dilute alcohol is dissolved in 
alcohol (30 ec.) and concentrated hydrochloric acid (30 cc.) added. The reagent 
possesses a pale yellow colour and keeps indefinitely. 

(3) Glucosamine hydrochloride standard. An aqueous solution of glucosamine 
hydrochloride saturated with chloroform and containing 10 mg. of the hydro- 
chloride in 1 ce. is prepared. From this solution suitable dilutions can be made 
when required. The standard solution should be kept between 0 and 4°. 

Procedure. The determination is best carried out in test-tubes graduated at 
a volume of 10 ec. The solution to be estimated, which should contain between 
0-5 and 3-0 mg. of glucosamine hydrochloride, is pipetted into the tubes and 
the acetylacetone reagent (1 cc.) added from a pipette; the sides of the tubes 
are then washed down with 1 cc. of water. At the same time standard solutions 
of glucosamine hydrochloride are measured out and treated in the same manner. 
The tubes are heated for 15 minutes in a boiling water-bath in which the level 
of the water is kept just above the level of the liquid in the tubes. The upper 
portion of the test-tubes should project out of the water-bath in order to avoid 
any serious loss of acetylacetone by evaporation. After heating, the tubes 
are cooled and alcohol is added to within about 2 cc. of the 10 cc. graduation 
mark. During the addition of alcohol a precipitate frequently forms but it is 
rapidly dissolved on the subsequent addition of the Ehrlich reagent (1 cc.) 
alcohol is then added to make the volume up to 10 cc. The colours develop 
quickly and reach their full intensity in 15-20 minutes. During this time there 
is a slow evolution of carbon dioxide which renders colorimetric comparison 
difficult, and it has been found convenient to compare the colours after the 
solutions have stood for at least 30 minutes at room temperature. When com- 
pared with a stable artificial colour standard the red colour which develops 
shows no fading over a period of several hours. 

The colorimetric comparison is reliable only when the intensities of the tints 
of the unknown solution and the standard solution are approximately the same. 
It has been found that a comparison of colours is difficult if the glucosamine 
contents of the solutions differ by more than 25 %. The accuracy of the method 
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is readily ascertained from the results shown in Table I where it will be seen 
that the error of estimation is less than 5 % if the amount of glucosamine 
hydrochloride is within the range 0-75-3-0 mg. and the colour intensity of the 
standard glucosamine hydrochloride solution does not differ by more than 25 % 



































from that of the unknown. : 
Table I. | 
Glucosamine hydrochloride Glucosamine hydrochloride 
nn ‘ ee ie we 
Standard Standard 
solution Present Found Percentage solution Present Found Percentage 
mg. mg. mg. error mg. mg. mg. error 
0-25 0-50 0-475 5-0 2-00 1-80 1-84 +2-2 
os es 0-530 +6-0 9 99 1-80 0-0 
9.9) 9.17 = 
0-75 0-509 +1:8 "s 7a eH be 
: : 0-520 +4-0 ” ” ed ae 
7 ‘ : 2-50 2-50 0-0 
33 1-00 1-02 +2-0 ” 9-45 2.0 
is re 1-00 0-0 ” ” =t0 —~ 
2-50 2-25 2-24 —0-°5 
1-00 0-80 0-830 +3-7 2-2] ~1-8 
99 oP 0-827 +3°3 a? 2-75 2-80 +18 
- 1-20 1-21 +08 2-78 LL 
: ; %» os 2-78 
3 ” 1-22 + 1-6 B 3-00 3-07 2-3 
9 1-40 1-35 -3-5 : 2.99 0-7 
2 —0-7 7 ”- ee 
- ” 1-38 ws 3-00 2-50 2-50 0-0 
1-50 1-20 1-22 + 1-6 ” 99 2-54 +1-6 
; a 1-23 +24 Si 3-50 3-40 —3-0 
* 1-80 1-80 0-0 i a 3-32 —5] 
. * 1-79 —0-6 ‘ie 4-00 3°75 — 6-2 


This method can also be used for the determination of chondrosamine. 
Equal amounts of glucosamine hydrochloride and chondrosamine hydrochloride 
give rise to colours identical in tint and intensity. A few of the results obtained 
by using standard solutions of chondrosamine hydrochloride are given in 
Table II; it will be seen that the limits of accuracy of the determination as 
given for glucosamine hydrochloride also hold for chondrosamine hydrochloride. 

Table IT. 
Chondrosamine hydrochloride 


Standard 


solution Present Found Percentage 
mg. mg. mg. error 
1-50 1-00 0-992 —0-8 
1-50 1-00 1-00 0-0 
1-50 2-00 2-00 0-0 
2-00 2-50 2-42 —3-2 } 


The influence of foreign substances. 
In order to ascertain whether the presence of sugars has any influence upon 
the determination of glucosamine a nuinber of estimations have been made in 
which glucose, galactose, fructose or arabinose was added to the glucosamine 
solution before estimation. The results of these tests are given in Table III and 
it will be seen that in no case had the added substance any appreciable influence 
upon the accuracy of the estimation. Similarly the presence of glycine, alanine 
or histidine does not interfere with the determinstion. 
For obvious reasons the method cannot be used when certain pyrrole or 
indole derivatives are present; these substances, however, can be readily de- 
tected since they will condense with p-dimethylaminobenzaldehyde in acid 
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Table III. The influence of foreign substances upon the accuracy of the estimation. 


Glucosamine hydrochloride 


" eae RS 

Substance Present Found Percentage 
added mg. mg. mg. error 
Glucose 2-5 2-0 1-97 —1-5 
5-0 ae 2-02 +1-0 
Galactose 5-0 o 2-03 +1-5 
10-0 ‘o 1-99 —0-5 
Fructose 2-5 = 2-02 +1-0 
5-0 a 2-01 +0-5 
Arabinose 2-5 a 1-98 -—1-0 
5-0 _ 2-00 0-0 
Glycine 2-5 ai 2-00 0-0 
5-0 ss 1-97 -1-5 
Alanine 2-0 ss 2-03 +1-5 
2: a 1-98 -—1-0 
Histidine 1-0 ss 2-00 0-0 
1-0 > 2-03 +15 
Tryptophan 1-0 a 2-04 +2-0 
1-0 a 2-03 +15 


solution to yield coloured solutions without previous heating with the acetyl- 
acetone reagent. The presence of tryptophan does not affect the accuracy of 
the estimation because the colour which this amino-acid is known to give with 
Ehrlich’s reagent does not develop in the presence of hydrochloric acid of the 
strength used in the determination; the tryptophan reaction requires a much 
greater concentration of acid. N-Acetylglucosamine and N-acetylchondrosa- 
mine, if present, will also yield a reddish-purple coloration with Ehrlich’s 
reagent, but only after heating in alkaline solution. The coloration produced 
with these two compounds, however, is not due to the formation of pyrrole 
derivatives, but to the elimination of the elements of water, followed by ring- 

closure w ith the formation of a disubstituted oxazole [ Elson and Morgan, 1933, 2], 

which condenses with p-dimethylaminobenzaldehyde to yield an intense reddish- 
purple coloured solution [Elson and Morgan, 1933, 1]. 

Although 1l-aminoglucose is not known to occur naturally and is, therefore, 
unlikely to be present in the acid hydrolysis products of either glucoproteins 
or nitrogen-containing polysaccharides it is of interest that this aminohexose, 
prepared according to the method of Ling and Nanji [1922] condenses readily 
with acetylacetone, under the conditions described above for the estimation of 
glucosamine and chondrosamine, to yield a coloured solution almost identical 
in tint and intensity with that produced by equal quantities of these com- 
pounds. In this case the acetylacetone presumably combines with 1l-amino- 
glucose to give the compound (III) which on treatment with Ehrlich’s reagent 
gives the usual pyrrole colour. 


The influence of the concentration of hydrochloric acid on the 
rate of development of the colour. 


Four colorimetric determinations were made, using 1-0 mg. of glucosamine 
hydrochloride, in which the concentration of hydrochloric acid present in the 
final solution was the only factor that was varied. The results, as shown in 

1 (Note added November 21st.) In the presence of considerably higher concentrations of hydro- 
chloric acid (> 2N) it has been found that many carbohydrates and amino-acids, after being 
heated with acetylacetone in alkaline solution, react with p-dimethylaminobenzaldehyde and 


give rise to red-coloured solutions. 
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Table IV. The influence of concentration of hydrochloric acid on the 
rate and intensity of colour development. 


























Final concen- Time of colour development (minutes) 

tration of —_— - A —_—_—__,, ) 

hydrochloric 5 10 15 20 30 40 60 
acid Colorimeter readings (mm.) | 
% nceeainntbcbction tae enscciaaeist | 

2°5 34-5 32-5 30-0 28-7 26-0 25°3 24-5 
5-0 27-0 24-9 24-6 24-3 24-3 24-4 24-3 ' 
10-0 24-7 24-8 25-0 24-8 24-9 25-2 25-4 


Table IV, were obtained by matching the colours which developed in the 
presence of the various hydrochloric acid concentrations, after definite intervals 
of time, against a stable artificial colour standard. It will be noted that in the 
presence of 5 % hydrochloric acid the colour develops rapidly and is constant 
in intensity after 20 minutes. Moreover, this concentration of hydrochloric acid 
gives rise to the greatest depth of colour and has therefore been selected as the 
most suitable concentration of acid for use in the preparation of the p-dimethyl- 
aminobenzaldehyde reagent. 


The influence of the time of heating on the colour development. 


~~ haee 


Two tests were carried out in the same manner as those already described 
except that the glucosamine hydrochloride solutions were heated with the 
acetylacetone reagent for different periods of time. It will be observed from 
the colorimeter readings given in Table V that the maximum colour intensity 


Table V. The influence of the time of heating with the acetylacetone reagent 
on the subseque nt colour de ve lopme nt. 


Time of heating Colorimeter readings (mm.) 
at 100 = is 
(minutes) Exp. No. 1 Exp. No. 2 





10 25-0 
15 18-1 
20 23-0 


develops after the solutions have been heated for 15 minutes. It has been found 
that the colours obtained after heating solutions of glucosamine hydrochloride 
with the acetylacetone reagent for 20 minutes or longer, are of a slightly different 
tint from those obtained with solutions which have been heated for 10 or 
15 minutes. 

SUMMARY. 


A method is described for the colorimetric estimation of glucosamine and \ 
chondrosamine. By heating these substances in alkaline solution with acetyl- 
acetone they can be converted into pyrrole derivatives which on treatment with 
p-dimethylaminobenzaldehyde give rise to very stable red-coloured solutions. 
Within limits the method gives a good degree of proportionality between the 
hexosamine content and the colour intensity. 
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INTRODUCTION. 


THE micro-determination of the hydrogen ion concentration of a fluid is indis- 
pensable for some biological studies, and the quinhy- 
drone electrode is well adapted for this purpose. Cullen 
and Biilmann [1925], and also Lang [1930], devised 
capillary electrodes which are however not suitable for a 
single drop. Gesell’s bakelite tube electrode [1928] enables 
one to carry out four or five determinations with 0-2 cc., 
but its construction and manipulation are not very 
simple. I have devised a new type of micro-quinhy- 
drone electrode at Professor Shoji’s suggestion, which is 
applicable even to 0-01 ce. of a liquid. Its construction 
is quite simple. A thin gold tube, resembling a wide 
injection syringe needle, about 1 mm. in bore, serves as 
the electrode. The entire outer surface and the terminal 
third of each end of the inner surface are well covered 
with a suitable insulating varnish. One drop of the fluid 
to be examined is mixed with quinhydrone powder and Fig. 1. 

the mixture sucked into the tube. Then the tip of the 4 @.14 tube electrode: 
tube is thrust into KCl-agar-agar, which is connected, B Insulating varnish; 
on the other side, with a calomel electrode or a standard C Leading wire; — 
quinhydrone electrode. The potential of the gold tube > peerage 
against the standard electrode is then measured in the 
usual way. The gold electrode tube, attached to a vulcanised rubber nipple of 
an ordinary injection needle, is illustrated in Fig. 1, which will suffice to explain 
its construction. Some remarks are necessary however on the preparation and 
use of the apparatus. 





Preparation of the electrode. 


It is not necessary to make the electrode tube of pure gold; 20 ct. or 18 ct. 
gold will suffice. In every case, however, even with a tube of 24 ct. gold, the 
inner surface of the tube, which is utilised as the metal electrode, must be 
perfectly gilded by electro-deposition. The gilding current should not be too 
large. I used a resistance of about 20,000 ohms in the circuit of one accumulator, 
and allowed deposition to proceed for 0-5 or 1 hour, the gold chloride solution 
inside the tube being renewed every five minutes, and’ thus always obtained a 
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good result. After the inside of the tube is gilded, 
damaged mechanically, otherwise the base metal contained in the gold (a trace 
of which exists even in 24 ct. gold) comes into contact with the fluid and causes 
gross inaccuracies. For this reason the leading wire must be soldered to the 
electrode before it is gilded. The electrode once gilded perfectly may be used for 
a long time, but it is necessary frequently to check it with a standard solution; 
when it is found to have gone wrong, regilding will restore it again to good 
condition. A platinum tube was also tried but offered no advantages. 

In order to prevent the electrode surface from being touched by the fluid 
unsaturated with quinhydrone, or any other fluid, the entire outer surface, and 
also preferably the terminal third of each end of the inner surface of the tube, as 
well as the meen wire, must be insulated completely. I found “Bakelite 

varnish No. 2,” furnished by Sankyo and Co., Tokyo, quite satisfactory for this 
purpose, but ne course any other insulating varnish will do. The hardening of 
the varnish requires a high temperature and must therefore be done before 
gilding. Neither paraffin nor enamel is suitable, as both these substances often 
crack easily. 
Use of the electrode. 

The actual estimation is carried out as follows. Quinhydrone powder, ground 
very finely, is put on a paraftined watch-glass. A small drop of the fluid is then 
put on the powder and is rolled quickly by moving the glass, so that the drop is 
well covered with the powder. Then the drop is sucked into the gold tube which 
is conveniently attached to a blind rubber tubing or the hard rubber nipple of an 
ordinary injection needle. The drop must be covered sufficiently with powder, 
otherwise the fluid may not be saturated with quinhydrone and an incorrect 
result may be obtained. Care must be taken that the amount of powder is not so 
excessive as to soak up the drop of fluid, but just enough to be sucked into the 
tube with the fluid. 

If it is desired to avoid exposure to air a suitable amount of quinhydrone 
powder is put in a small hollow made at the bottom of a short test-tube and 
covered with liquid paraffin. The fluid is then introduced below the paraffin by 
means of a fine injection syringe and is mixed with the powder, after which it is 
sucked into the electrode tube. If paraffin is sucked into the electrode tube with 
the fluid, it does not harm the measurement unless the entire surface of the 
electrode be covered with paraffin. If this occurs no current passes through, and 
the fault can be easily detected. 


Checking the results obtained by this method, 


The method was checked by comparing its results with those obtained by the 
usual hydrogen-gas electrode method. This was done with MclIlvain’s buffer 
solutions, urine, aqueous humour, cerebrospinal fluid, blood-serum and also 
with whole blood. Results were quite satisfactory, except in the case of whole 
blood, so long as the value of the first half or one minute was taken. Later the 
value showed a deviation, which was very marked, especially with blood-serum. 
This is a defect not only of the present method, but of the quinhydrone method 
in general, as has already been discussed by many investigators. 

In these estimations it is advisable to carry out three or four parallel deter- 
minations at the same time. Occasionally one electrode may give a value some- 
what different from the others. Such a faulty electrode must be discarded. The 
table on the following page will serve as an example. 

In this table the figures show that electrode No. 4 must be discarded. 





it must not be heated or 
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Pu by Py by micro-quinhydrone method 
Temp. H-gas — TIO 
Material (°) electrode No. 1 No. 2 No. 3 No. 4 
Mcllvain’s buffer 18 7300 7303 7296 7300 7284 
Blood-serum (horse) 18 7723 7722 7717 7722 7681 
Blood-serum (horse) 37 7353 7351 7369 — 7319 
Aqueous humour (rabbit) 18 7610 7614 7608 7617 — 
Cerebrospinal fluid (rabbit) 18 7445 7466 7454 7464 —— 


If the py, of a body fluid containing CO,, such, for instance, as blood-serum, 
is determined by this method without paraffin protection, CO, may be lost while 
the drop is rolled on the quinhydrone powder. I confirmed practically, however, 
that this did not occur, since the serum gave the same value with or without 
paraffin protection and with the H-gas electrode, using a large amount of the 
fluid. 

When this method is applied to whole blood, it often gives a wrong (usually 
too alkaline) value, for which reason it is advisable to use plasma. The following 
procedure is convenient for determining the p,, of human blood. The finger-tip, 
or any other suitable place, is stabbed, and the wound is covered with liquid 
paraffin, under which the blood oozes out. About 0-3 cc. of the blood is sucked 
into a small syringe containing about 0-03 cc. of a 2-3 °% potassium oxalate 
solution, whose py is adjusted to 7-4. The sample is well mixed and then 
centrifuged under liquid paraffin. The plasma thus separated is treated as 
described above. 

I tried to utilise this method also for estimating the tissue fluid of a living 
animal. For this purpose a fine electrode needle was prepared. Quinhydrone 
powder, dry or slightly wet, was put inside, and the needle was introduced into 
the skin to reach the subcutaneous space. The tissue fluid should then come into 
the tube. Another electrode was filled with the saline solution and placed close 
to the former, and served as the connection with the calomel electrode. The 
results were always very uncertain. Even when such an electrode was immersed 
in a standard solution the result was still uncertain. This is probably due to the 
fact that the fluid entering the tube is not perfectly saturated with quinhydrone. 


SUMMARY. 


A minute drop of a fluid is mixed with fine quinhydrone powder and is 
sucked into a fine gold tube, which serves as the metal electrode. Then the py, of 
the fluid is measured by the ordinary potentiometric method. The outer surface, 
and also preferably both ends of the inner surface of the tube, as well as the 
leading wire, should be insulated perfectly, lest they come into contact with the 
fluid unsaturated with quinhydrone. The inner electrode surface must be gilded 
perfectly. 
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IN a previous paper [Biilow and Holmes, 1932], published from the Pharmaco- 
logical Laboratory, Cambridge, we dealt with the effect of narcotics on the 
oxygen uptake of the brain tissue. We were unable to observe any decrease in the 
respiration of brain tissue in vitro in the presence of ethylene, propylene or 
nitrous oxide, gases of known anaesthetic power. A recent paper of Quastel and 
Wheatley [1932] has, however, made it desirable to carry out a fresh investiga- 
tion of the subject. 

With fresh tissue, Quastel’s experiments are in full agreement with our own, 
in that he observes no difference in the oxygen uptake of chopped brain tissue, 
incubated in presence of a mixture of nitrogen and oxygen, or of narcotic gas and 
oxygen in the same proportions, but he thinks that this agreement is misleading, 
the real inhibition of oxidation being hidden by the greater solubility of narcotic 
gases in the cell-lipoids. If he uses tissue which has been allowed to become 
greatly depleted of its oxidisable material by aeration for 3 hours, and then adds 
glucose, he obtains in the following 2 hours a distinct inhibitory effect of the 
narcotics, the cell-lipoids now being saturated with the gas. 

On theoretical grounds alone we do not think that Quastel’s criticism is 
valid. Brain tissue contains nearly 8 °%, lipoids. The solubility of acetylene in 
oil as determined by Meyer et al. [1920] is 1-8 cc. in 1 cc. solvent, so that 43 mm.* 
of acetylene may be absorbed by 0-3 g. brain, and so disappear. In an experiment 
lasting 3 hours the inhibition which can be masked by the absorption of the 
narcotic gas is thus quite small, and indeed falls well within the limits of experi- 
mental error of the method. Apart from this, the manometers are evacuated and 
filled with the gas mixture three times. After immersion in the thermostat, 
15 minutes are allowed for the attainment of temperature equilibrium, before the 
taps are closed. In all probability, therefore, the lipoids are already saturated 
with gas before readings are commenced. Experiment confirmed these con- 
clusions. The presence of 0-03 cc. olive oil caused no effect on the gas pressure in 
the Barcroft vessels, filled with propylene, nor did any change appear during 
3 hours’ shaking. 

It seems possible to explain Quastel’s results on the following lines. The 
oxygen uptake of the cell may be due at first to systems not affected by narcotics, 
and it may be necessary for the tissue to suffer material damage if it is to show 
the effect of narcotics on certain specific processes. Quastel removes the material, 
the oxidation of which is not affected by narcotics, by incubating the brain for 
3 hours. We endeavoured to obtain the same effect by washing the tissue several 
times with distilled water. 

As the experiment shows, washing brain tissue three times with distilled 
water diminishes the velocity of the oxygen uptake as much as did the process 
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of incubation in Quastel’s experiments. The addition of glucose increases it 
distinctly (a solution that contains 0-025 °/ glucose gives nearly as great an 
effect as a solution of 0-25 %). The oxidation due to lactate is as great as that 
due to glucose, the effect of succinate being much more powerful (Fig. 1). These 
results, too, are in full agreement with Quastel’s. But if the Barcroft vessels are 
now filled up with narcotic gas mixtures instead of air, and the oxygen uptake is 
compared with that which occurs in the presence of nitrogen-oxygen mixtures 
of the same oxygen content, there is no inhibition to be seen (Figs. 2, 3 and 4). 
This confirms our previous experiments and is in contradiction to Quastel’s. The 
narcotics do not interfere with the oxidation either of glucose or of sodium 
lactate or sodium succinate. The last result, which is in agreement with Quastel’s, 
seems to us of some general importance, and is difficult to bring into line with 
Keilin’s studies [1925]. These indicate that the oxygen transference in the cell is 
inhibited by HCN, the activation of hydrogen by narcotics. The succinic acid 
dehydrase system is a typical dehydrase system, which has been much studied, 
and we should therefore expect it to be inhibited by these gases. As the experi- 
ments show, there is no such inhibition. On the contrary, in the experiments with 
ethylene the narcotic seems to have rather a stimulating effect. The uptake in a 
mixture of 95 % ethylene+5 % oxygen is as large as that in 80 °/ acetylene or 
propylene and 20 % oxygen, and distinctly greater than that in 95 % nitrogen 
and 5 % oxygen. 

EXPERIMENTAL. 


0-3 g. of chopped mouse brain (the brains of 3 animals were usually mixed together) was 
suspended in about 10 cc. distilled water and centrifuged. The supernatant fluid was rejected. The 
process was repeated three times. The tissue was then placed in the right-hand vessels of Barcroft 
differential manometers which contained 3 cc. of Ringer solution, buffered with phosphate (4 parts 
of Ringer solution: 1 part of 0:2 M KH,PO, solution) and brought to py 7-4. The left-hand vessels 
were filled in the same way, but without tissue. The filling with the gas was done by evacuating 
three times, and allowing the required mixture to run in. The CO, formed during the experiment 
was absorbed by 5 % KOH. All the gases were prepared in the laboratory, ethylene and propylene 
by treatment of ethyl and propyl alcohols with hot, water-free phosphoric acid, and acetylene 
from calcium carbide, the gas being washed with acidified CuNO, solution, dilute chromic acid, a 
mixture of Ca(OCl), and CaO, and NaOH. The compositions of the gas mixtures employed were 
the same as in our previous experiments [1932], as they had been tested and proved to be narcotic 
for the mouse. (Quastel uses some lower concentrations.) The experiments were done at 36-38°, 
the apparatus being shaken for 15 minutes before closing the taps, and the readings taken 
at 10 minute intervals. The values are worked out for normal temperature and pressure. Each 
experiment was repeated at least four times, often more frequently. The results agreed very well. 


As these experiments showed that with washed brain and added substrate 
narcotics caused no decrease in the oxygen uptake, we looked for another 
explanation of Quastel’s results. An irreversible disturbance of the brain cells, 
due to a prolonged action of the narcotic, seemed to be a possibility. 

To test this hypothesis we repeated Quastel’s experiments, using his own 
method. Fresh brain tissue was shaken in Ringer solution, without adding sub- 
strate, and in the presence of narcotics. Controls contained a mixture of nitrogen 
and oxygen of the same oxygen content, and the same quantity of tissue. 
After 3 hours, when the rate of oxygen uptake had fallen distinctly, glucose was 
added and the apparatus refilled with the same gas mixture. In the following 
2 hours we could confirm Quastel’s observations. The oxygen uptake in this 
second period was decreased in the presence of acetylene and oxygen, compared 
with that in nitrogen and oxygen. But this effect was only given by acetylene. 
Ethylene and propylene did not act in the same way. With these gases the 
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Table I. 


Inhibi- 
Gas mixture Gas mixture tion 
N,: 0,=4: 1 CH=CH: 0,=4: 1 % 
O, uptake in mm.? of 1 g. tissue alone 304 262 14 
in the 4th and 5th hours 
Extra O, in presence of glucose 561 125 78 
(0-025 %) Gas 0, Gas 0, 
previously N,:O, previously CH=CH: O, 
. O, uptake in mm.’ of 1 g. tissue alone 388 278 28 
in the 6th and 7th hours 
Extra O, in presence of glucose 602 247 59 
(0-025 %) 
Gas mixture Gas mixture 
N,: O,=1:1 CH=CH: 0,=1:1 
O, uptake in mm.? of 1 g. tissue alone 297 280 — 
in the 4th and 5th hours 
Extra O, in presence of glucose 398 217 45 
(0-025 %) Gas 0, Gas O 
previously N,:O, previously CH=CH: O, 
O, uptake in mm.’ of 1 g. tissue alone 235 108 5+ 
in the 6th and 7th hours 
Extra O, in presence of glucose 318 142 55 
(0-025 %) 
Gas mixture Gas mixture 
N,: 0,=4:1 CH,CH, =CH, : 0,=4:1 
O, uptake in mm.’ of 1 g. tissue alone 255 390 _ 
in the 4th and 5th hours 
Extra O, in presence of glucose 820 790 — 
(0-025 %) i ant 
0 Gas O, Gas O, 
previously N,:O, previously CH,CH, =CH,:0, 
O, uptake in mn. of 1 g. tissue alone 170 187 — 
in the 6th and 7th hours 
Extra O, in presence of glucose 720 618 14 
(0-025 %) 
Gas mixture Gas mixture 
Ne? O;=19: 1 CH,=CH, : 0,=19: 1 
O, uptake in mm.’ of 1 g. tissue alone — 197 — 
in the 4th and 5th hours 
Extra O, in presence of glucose 643 563 12 
(0-025 %) Gas O, Gas O, 
previously N,: 0, previously CH,=CH, : O, 
O, uptake in mm.? of 1 g. tissue alone — 115 — 
in the 6th and 7th hours 
Extra O, in presence of glucose 553 435 21 


(0-025 94) 


oxygen uptake was the same as that of the controls (Table I). The experiments 
were carried on for another 2 hours, after adding substrate once more and filling 
up the apparatus now with pure oxygen instead of the gas mixtures used before. 
The results were as expected. We observed a decreased oxygen uptake in the 
vessels which had previously been filled with acetylene, a normal one in those 
which had contained ethylene or propylene in the previous 2 hours (Table I). 
This indicates that the inhibitory effect, if it occurs, is an irreversible one. 
Acetylene is known to be a cell poison, and these irreversible effects may be 
ascribed to its toxic action on the cells during the prolonged period during 
which they are exposed to it. 

It was found, in further experiments, that after adding as substrate sodium 
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Table IT. 





Inhibi- 
Gas mixture Gas mixture tion 
N,: 0,=4:1 CH=CH : 0,=4:1 % 
321 342 —- 
1969 1680 15 
Gas O, Gas O, 
previously N,:O, previously CH=CH : O, 
205 140 30 
1855 1610 13 
Gas mixture Gas mixture 
m2 O,=1 71 CH=CH: O,=1:1 
320 280 12 
1820 1990 — 
Gas O, Gas O. 
previously N,:O, previously CH=CH: O, 
144 123 14 


1740 1840 —_ 


Gas mixture Gas mixture 


N,:0,=4: 1 CH,CH, = CH, : 0,=4: 1 
332 310 —_— 
1950 1820 — 
Gas O, Gas O, 
previously N,:O, previously CH,CH, =CH,:0, 
203 175 15 
2180 2035 = 


Gas mixture Gas mixture 





N,:0,=19: I CH,CH, =CH, : 0,.=19: 1 
420 335 21 
630 2015 — 230 
Gas O, Gas O, 
previously N,:O, previously CH,CH, =CH,:0, 
300 195 35 
2730 2055 25 
Gas mixture Gas mixture 
N,: 0,=19: 1 CH, =CH, : 0,=19: 1 
420 335 21 
460 1465 — 220 
Gas O, Gas O, 
previously N,: O, previously CH, =CH, : O, 
300 195 30 
2930 2000 32 
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succinate, instead of glucose, the oxidation was not affected even by the presence 
of acetylene. (A distinct inhibition, which we once observed, is certainly to be 
explained by an experimental error.) In the ethylene-oxygen mixture, with its 
small content of oxygen, we again observed the same stimulating effect of the 
narcotic as was mentioned above. The oxygen uptake in a mixture which con- 
tained only 5 % oxygen was nearly as high as in a mixture with 20 %, and 
much higher than that in a mixture of 95 °% nitrogen and 5 % oxygen. In the 
following period, when the vessels were filled with pure oxygen, the condition of 


.affairs was reversed. The oxygen uptake in the vessel which previously contained 


O, and N, was much higher than in that which previously contained O, + narcotic. 
These results were confirmed with propylene in low concentrations (Table II). 

Each experiment was carried out with 0-5 g. mouse brain. The vessels of the Barcroft apparatus 
contained 3 cc. of the Ringer solution mentioned above, but without addition of substrate. The 
filling with the gas mixture of the required composition was performed in the same way as in the 
previous experiments. The manometers were read every 10 minutes, the temperature being about 
37°. After 3 hours, 0-3 ce. of a 0-25 % glucose solution (or 0-5.M sodium succinate solution) was 
placed in both cups of two of the manometers, two other apparatus remaining without addition of 
substrate. The vessels were refilled in the same way as before and with the same gas mixtures. 
After 2 hours’ further shaking the same quantity of glucose (or succinate) was added, the gas 
mixture was removed, and the manometers were filled with pure oxygen. The evacuation and 
running in of oxygen were repeated twice to remove the previous mixture as completely as possible. 
The readings were continued for a further 2 hours. The values given in the table are typical of a 
large number of results, the volumes of oxygen being corrected for normal temperature and 
pressure. 

SUMMARY. 

The suggestion of Quastel, that inincubation experiments the solubility of nar- 
cotic gases in lipoids may give rise to an apparent uptake of oxygen, is disproved. 

Narcotic gases (ethylene, propylene, acetylene) have no inhibitory action on 
the oxygen uptake of brain tissue, depleted of its substrate by washing with 
distilled water, to which glucose, lactate or succinate has been added. 

Experiments similar to those of Quastel in which, after depletion of initial 
substrate by preliminary shaking in Ringer solution with the appropriate gas 
mixture, the oxygen uptake is measured in the presence of ethylene or propylene, 
show no inhibitory effect of these gases. The inhibition caused by acetylene, 
which Quastel observed, was confirmed. 

On carrying on the investigations for another two hours, and incubating now in 
pure oxygen, the inhibition continued in those vessels, which had previously been 
filled with acetylene, while the presence of ethylene and propylene in the two 
hours prior to these measurements caused no decrease in the subsequent oxygen 
uptake in pure oxygen. The inhibition described by Quastel, therefore, is an irre- 
versible toxic effect, due to a too prolonged period of exposure to acetylene. 


The experiments were done in collaboration with Frl. M. Lerchenthal, whom 
I wish to thank for her help. 

My thanks are due to Dr E. G. Holmes for his help and criticism and to 
Dr I. H. Page for his interest in this work. The research was sponsored by the 
Rockefeller Foundation. 
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CCLI. THE ISOLATION OF AMINO-ACIDS IN 
THE FORM OF THE CORRESPONDING 
CARBAMIDO-ACIDS AND HYDANTOINS. 


I. THE DERIVATIVES OF THE MONO-AMINO- 
MONOCARBOXYLIC ACIDS. 


By WILLIAM JOHN BOYD. 
From the Physiology Department, King’s College, London. 


(Received October 31st, 1933.) 


Lippicu [1906] called attention to the insolubility of «-carbamido-isobutylacetic 
acid, prepared by the action of potassium cyanate or urea on leucine, and sug- 
gested the use of this derivative for the isolation and characterisation of the 
amino-acid. Later [1908] he described the carbamido-acids corresponding with 
glycine, alanine, x-amino-isobutyric acid, valine, leucine, aspartic and glutamic 
acids, tyrosine and taurine. He also described the anhydrides of some of these 
carbamido-acids. In a subsequent paper [1914, 1] he discussed further the re- 
liability of the carbamido-reaction as a qualitative test for leucine. In the 
same year [1914, 2] he described the application of the reaction to the isolation 
of small quantities of leucine and other amino-acids added to urine and to 
blood-serum. Dakin [1910, 2] observed the production of carbamido-acids in 
urine concentrated by heat. Weiland [1912], Embden and Schmitz [1912] and 
Kondo [1912] found the reaction useful for the isolation of amino-acids from 
urine. Howbeit until lately, apparently no amino-acid had been isolated in this 
way from normal or pathological urine unless it had first been fed in quantity 
to the animal or introduced directly into the blood-stream or the urine itself. 
Hoppe-Seyler [1933] has obtained a carbamido-hydantoin derivative of lysine 
from the urine of a cystinuric patient, using a silver precipitation. 

Lippich [1914, 1] and Dakin [1918] called attention to the usefulness of the 
hydantoins derived from the amino-acids for the isolation and characterisation 
of the latter. Dakin remarks that the ordinary hydantoins are more useful in 
this respect than the phenylhydantoins or the thiohydantoins. He described 
methods [1918; 1920] for the purification of proline and hydroxyproline respec- 
tively which involve the isolation of these substances as their hydantoin de- 
rivatives. 

It does not appear from the literature that anyone has converted protein 
hydrolysates as a whole into the carbamido-acids or hydantoins with a view 
to the separation of the derivatives of the various amino-acids. In this pre- 
liminary paper experiments are described which show that it is easy to isolate 
a number of amino-acids from protein hydrolysates as the corresponding carb- 
amido-acids in yields similar to those obtained by other methods. The method 
is applicable to relatively small samples of protein, 25g. being a suitable 
quantity. 
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Perhaps the greatest advantage consists in the certainty of the characterisa- 
tion of the amino-acids isolated in this way. In particular the melting-points 
of the carbamido-acids and hydantoins are more characteristic than those of the 
amino-acids themselves. 

In general the hydantoins are less soluble in water than the amino-acids 
from which they are derived. One part of leucine dissolves in 44 parts of water 
at 20° whereas one part of the hydantoin requires 400 parts. There is also a 
general parallelism between the solubilities of the amino-acids and those of the 


_ corresponding hydantoins. 


The possibility of evolving a scheme for the separation of the «-carbamido- 
acids and hydantoins from each other is favoured by the solubility of many of 
these substances in organic solvents. 

Various proteins, including caseinogen, cod-muscle protein, gelatin, edestin 
and haemoglobin were hydrolysed by boiling with hydrochloric acid. The 
hydrolysate in each case was converted into a mixture of carbamido-acids by 
removal of the acid as far as possible by concentrating in vacuo, neutralising 
and boiling the mixture of amino-acids with potassium cyanate or urea. After 
careful acidification of the cold solution to the turning point of Congo red, a 
precipitate separated out. On recrystallisation of this material, after decolora- 
tion of its aqueous solution with charcoal, it was found to consist of a mixture 
of the carbamido-acids derived from leucine, isoleucine (if present in the protein) 
and phenylalanine. Means were found whereby these were separated from each 
other in the form of the hydantoins. 

The carbamido-acids remaining in solution were separated into two fractions, 
viz. those soluble in alcohol at p,, 4, and those insoluble. The carbamido-acids 
derived from the monoamino-monocarboxylic acids are soluble in alcohol at 
this py, whereas the greater part at least of the remaining material is relatively 
insoluble. In some experiments this separation by means of alcohol was carried 
out before precipitation of the water-insoluble carbamido-acids. 

An alternative method of removing the derivatives of some of the mono- 
amino-monocarboxylic acids depends on the solubility of their hydantoins in 
ether or chloroform. The hydantoins obtained from glycine, serine, cystine, 
cysteine and tyrosine are however insoluble in these solvents. 

By separating the carbamido-acids by means of alcohol at py 4, and con- 
verting them into hydantoins in the usual way, the derivatives of leucine, 
isoleucine, valine, phenylalanine, alanine, proline and hydroxyproline can be 
removed by means of ether or chloroform and that of tyrosine obtained in pure 
crystalline form from the residue insoluble in ether. 

In the case of cod-muscle protein the amount of tyrosine so isolated was greater, 
in the case of caseinogen less, than the values previously recorded. It was found, 
however, that the extraction of «-carbamido-f-(p-hydroxyphenyl) propionic acid 
at py, 4 by means of alcohol was not complete since the insoluble fraction still 
gave a strong Millon’s reaction. This may be explicable by the resemblance of 
the carbamido-acid to the dibasic derivatives since it possesses a phenolic group. 
Undoubtedly the technique can be improved to give a more nearly quantitative 
separation of the tyrosine derivative. 

Means were sought for the separation of the various hydantoins derived 
from the monoamino-monocarboxylic acids. To this end the approximate solu- 
bilities of the individual hydantoins in various solvents were determined. It is 
hoped to publish the data obtained at an early date. Peculiarities of solubility 
which have been found useful are discussed below. 
isoButylhydantoin (from leucine) can be extracted, along with most of its 
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homologues and other substances already mentioned, by means of ether. From 
the mixture so obtained the leucine, isoleucine and phenylalanine derivatives 
can be separated together by utilising their insolubility in water. Of these 
three, that of leucine has the lowest solubility in chloroform and small quantities 
of the other two as well as the derivatives of valine and proline can be removed 
from larger amounts of leucine by the use of this solvent. Benzene gives a more 
complete, if more tedious, separation, however, since the hydantoin from leucine 
is only soluble to the extent of one part in about 25,000 parts of benzene at 20°, 
the other substances concerned being many times more soluble. A litre of 
benzene at 20° removes only 0-5 g. of benzylhydantoin but at higher tem- 
peratures the isobutylhydantoin becomes more soluble and the separation less 
complete. The active and racemic varieties of tsobutylhydantoin do not show 
marked differences in solubilities, melting-points or crystalline forms. 
secButylhydantoin (from isoleucine) is much more soluble in water, ether, 
chloroform and benzene than are isobutyl- and benzyl-hydantoins. secButyl- and 
benzyl-hydantoins can be separated from isobutylhydantoin most completely 
by means of benzene as mentioned above. Whereas «-carbamido-secbutylacetic 
acid is less soluble in water than «-carbamido-f-phenylpropionic acid, secbuty]l- 
hydantoin is much more soluble than benzylhydantoin. By utilising these two 
solubility relationships alternately, a fairly good separation of racemic isoleucine 
from phenylalanine is obtainable. 

Active secbutylhydantoin crystallises from water with 1H,O and this pro- 

perty can be used for its precipitation from benzene. A few drops of water 
added to a solution of active secbutyl- and benzyl-hydantoins in benzene, 
precipitate the hydrate of the former almost completely. Active isopropyl- 
hydantoin separates from benzene in the same form as active secbutylhydantoin. 
The separation of these two substances from one another (whether active or 
racemic) depends on the greater insolubility of the secbutylhydantoin in water. 
Alternatively the mixture of the two may be converted into the carbamido- 
acids and the less soluble x-carbamido-secbutylacetic acid separated by crystalli- 
sation from water. Active secbutylhydantoin can sometimes be made to 
crystallise from water in large flattened needles which may be 2 cm. in length. 
These can be picked out with forceps and wiped clean. A specimen can thus 
be obtained pure without using benzene. It is also possible to crystallise a 
mixture of the leucine and isoleucine derivatives from water in such a way that 
a crop of the former separates out first and the mother-liquor after filtration 
deposits needles of the latter free from the isomeride. As pointed out by Dakin 
and Dudley [1914] progressive racemisation of the hydantoins occurs when they 
are heated with mineral acids but more slowly than in alkaline solution. If the 
conversion of the carbamido-acids into the hydantoins be carried out with due 
care little racemisation occurs, but the possibility that both the active and 
racemic forms may be present must be considered. Of course racemisation may 
occur under certain conditions of hydrolysis of the protein and also in the 
conversion of the amino-acids into carbamido-acids by boiling the hydrolysate 
with urea under alkaline conditions. 

Benzylhydantoin (from phenylalanine) can be separated from isobutylhydan- 
toin by means of benzene as described. Its low solubility in water (1: 500) provides 
a convenient means of separating it from the other ether-soluble hydantoins. 

p-Hydroxybenzylhydantoin (from tyrosine) is almost insoluble in cold water, 
ether and chloroform. It is fairly soluble in alcohol and in acetone and to a small 
extent in ethyl acetate. On acetylation of the phenolic group a substance soluble 
in ether is obtained. 
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Methylhydantoin (from alanine) is very soluble in water and in alcohol, 
moderately soluble in ether. It can be obtained in quantity from silk fibroin by 
hydrolysis of the protein, conversion of the amino-acids into hydantoins and 
extraction of the methylhydantoin with ether in a continuous extractor. 

Ordinary hydantoin is insoluble in ether and only moderately soluble in 
alcohol. It can be precipitated in quantity from the mixture of hydantoins 
obtained as above from silk fibroin by adding alcohol to the concentrated 
solution. It can then be partially purified from the salts, which are also pre- 
cipitated by the alcohol, by extraction with hot glacial acetic acid from which 
the hydantoin crystallises on cooling. A further purification can be effected by ex- 
traction with acetone in a Soxhlet apparatus. A separation of glycine and alanine 
from each other is thus available which should find use as an adjunct to the ester 
method in which these two amino-acids may be obtained in the same fraction. 
Hydantoic acid is less soluble in alcohol than hydantoin, and this property has 
also been found useful. 

The hydantoin from proline has a similar solubility in water to that from 
valine but it is much more soluble in chloroform and in benzene than the latter. 
Dakin [1918] described the purification of proline by extraction of the em 
mido-acids by ether, that derived from proline being insoluble, followed | 
conversion of the proline derivative into the hydantoin and extraction of the 
latter by ether. This process succeeded no doubt under the conditions obtaining, 
but it is necessary to point out that «-carbamido-isobutylacetic acid‘ is only 
soluble to the extent of one part in 50,000 parts of wet ether [Lippich, 1914, 1] 
and so could not be removed as such from the proline derivative by that solvent. 
It is suggested here that in Dakin’s experiments no leucine was present, or the 
acidity of the solution was such that the hydantoin was slowly ees in the 

case of the leucine derivative, while the proline derivative remained unaltered. 
Lippich [1914, 1] criticises the statements of Weiland [1912] and Embden and 
Schmitz [1912] that the carbamido-acids are soluble in ether. He gives the ether- 
solubility of the phenylalanine derivative as 1:4000 and that of the tyrosine 
derivative as 1:3000. 

The hydantoin from hydroxyproline is more soluble in water than that from 
proline and much less soluble in benzene and in chloroform than the latter, 
benzene being particularly useful for the separation of the two. The high solu- 
bility of the hydroxyproline derivative renders it unsuitable for final isolation 
and weighing of the amino-acid in this form. Dakin [1920] extracted the 
hydantoin from hydroxyproline with ether and reconverted it into the amino- 
acid. 

Hydroxymethylhydantoin (from serine) has a similar solubility in water to 
the hydantoin from proline, but it is insoluble in ether and in chloroform. On 
acetylation a substance soluble in ether is formed. 

B-Methylmercaptoethylhydantoin (from methionine) is very soluble in water, 
and also in chloroform. It is fairly soluble in ether and slightly soluble in cold 
benzene. 

Dithiomethyldihydantoin (from cystine) is insoluble in water, alcohol, ether, 
chloroform and benzene. The tyrosine derivative, being soluble in alcohol, can 
be separated from it by that solvent. 

Thiolmethylhydantoin (from cysteine) has not been obtained crystalline. It 
appears to be very soluble in water and in alcohol, but only slightly soluble 
in ether, in chloroform and in benzene. 

It will be observed that a means of fractionating the sulphur of proteins is 
available owing to the differences in the properties of these hydantoins. 
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The hydantoins of the dicarboxylic amino-acids are insoluble in alcohol at 
Py 6-7. If ammonia be added to an alcoholic solution of hydantoinpropionic 
acid the ammonium salt is precipitated above p, 6 but redissolves as the py 
value of the solution is raised. A precipitate again forms (other than am- 
monium chloride) on bringing the p,, of the solution back to the region of 
neutrality. Since the hydantoins derived from the monoaminomonocarboxylic 
acids are soluble in alcohol at neutrality a method of separating the two groups 
is available. Unfortunately the presence of the derivatives of histidine and of 
arginine introduces complications. These substances have basic groups which 
do not react with potassium cyanate, and so they are capable of forming salts 
with the hydantoin derivatives of the dicarboxylic amino-acids. It appears 
that salts of this kind may be soluble in alcohol. 

Hydantoinacetic acid (from aspartic acid) is very insoluble in water but 
crystallises slowly; the glutamic acid derivative is much more soluble. Both 
are insoluble in ether, chloroform and benzene. The hydantoin of pyrrolidone- 
carboxylic acid is slightly soluble in these three solvents at 20°. 

6-Carbamido-n-butylhydantoin (from lysine) has been studied lately by 
Hoppe-Seyler [1933]. It is moderately soluble in water, sparingly soluble in 
alcohol and insoluble in ether. 

The arginine derivative is soluble in water, but insoluble in alcohol and in 
ether. The hydrochloride has similar properties. 

Glyoxaline-4 (or 5)-methylhydantoin (from histidine) is very soluble in water 
and in alcohol and slightly soluble in wet ether. The hydrochloride behaves 
similarly. The hydantoin has not been prepared in the pure condition; an 
acetyl derivative has however been obtained. 

Besides these substances the hydantoins derived from norleucine, norvaline, 
a-aminobutyric acid, x-aminoisobutyric acid, tryptophan and other amino-acids 
have been studied to some extent. 


EXPERIMENTAL. 


Preparation of carbamido-acids and hydantoins from amino-acids and 


determination of their solubilities. 


Various carbamido-acids and hydantoins were prepared from pure amino-acids for the deter- 
mination of melting-points and solubility data. 

The amino-acid was heated in solution with 1} equivalents of potassium cyanate for 30 minutes. 
The solution was then cooled and carefully acidified with dilute hydrochloric acid to the turning 
point of Congo red. If the carbamido-acid were sufficiently insoluble in water it was filtered off 
and recrystallised from water. 

If the carbamido-acid could not be obtained readily in crystalline form, excess of hydrochloric 
acid was added and the solution was evaporated to dryness on the water-bath. The residue was 
extracted with alcchol or in some cases with ether, chloroform or hot benzene. The solution so 
obtained was evaporated to dryness, and the hydantoin was crystallised twice from water. In 
some cases the separated carbamido-acid was used for preparation of the hydantoin. 

Solubility determinations were carried out as follows. A hot saturated solution of the de- 
rivative was cooled and kept at 20° for 24 hours. In cases where a copious precipitate was 
deposited at once when the hot solution was cooled, this time was shortened to a few hours. The 
separated material was filtered off and a weighed or measured quantity of the liquid (between 
1 and 5 ec.) was evaporated to dryness in a tared dish. The residue was then dried and weighed. 
Throughout this work nitrogen determinations were carried out by the micro-Kjeldahl method 


and the melting-points given are uncorrected. 
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at The isolation of the derivatives of leucine, isoleucine, phenylalanine and 

ic tyrosine from cod-muscle protein. 

H Cod-muscle protein was prepared as described for halibut-muscle protein by Osborne and 

n- Heyl [1908]. The protein (25 g. calculated on the dry ash-free basis) was hydrolysed by boiling z 
of with 250 ec. of 22 % hydrochloric acid for 40 hours. The acid was then removed as far as possible 

lic by evaporation in vacuo, and the residue was dissolved in 250 cc. of water. The solution was 

ps filtered and neutralised to litmus with sodium hydroxide solution. 30g. of potassium cyanate 

of were added, and the solution was boiled gently for 2 hours and then concentrated to a volume 

th | of approximately 100 cc. Sulphuric acid (25 %) was added to the cooled liquid until the excess 

ts of cyanate had been destroyed and the liquid was neutral to Congo red. On addition of 400 cc. 


of 95 % alcohol with stirring, much material dissolved in the alcohol whilst a pasty mass re- 





mained undissolved. The alcohol was decanted off and a fresh quantity added with vigorous 
stirring. The mass of salts and carbamido-acids was in this way extracted with about 1500 ce. 
of alcohol in five portions which were all decanted off and united. The alcohol deposited a little 
insoluble syrupy material on standing and was decanted from this next day. 

A little water was added to the alcohol and the solution concentrated in vacuo to 100 cc. 
A precipitate separated out and was filtered off next day and recrystallised from water. It 
y yielded 2-9 g. of material melting at 203° and containing 15-83 % of nitrogen. A further quantity 
n of 0-7 g. of material was obtained in two crops melting at 197° and 180° respectively. The sub- 


stances crystallised in needles quite insoluble in ether. 


a a-Carbamido-isobutylacetic acid prepared from commercial /-leucine (found: N, 10-71%, 
calc. 10-69 %) melted at 201—202° both in an open and closed capillary and contained 16-05 % N 
r (cale. 16-09 %). The derivative of purchased dl-leucine (10-75 % N) melted at 195° both in an 


open and in a closed capillary and contained 16-01 % N. Lippich [1908; 1914, 1] found the 
L melting-point of the active carbamido-acid to be 189-190° in a closed capillary and 200-210 
in an open capillary. Dakin [1910, 1] found it to be 205-206°. Pinner and Spilker [1889] found 


200° for the melting-point of the d/-carbamido-acid. 





The isolated material was dissolved in hot alcohol, 20 cc. of 5% hydrochloric acid were 


we 


added, and the solution was evaporated to dryness on the water-bath. The residue was extracted 
repeatedly with small quantities of chloroform, and the insoluble portion was crystallised from 
water. Thereafter it weighed 1-8 g., melted at 209° and contained 17-92 % N. Under the micro- 
scope it appeared as thin plates, and macroscopically it was a light flaky powder like leucine itself. 

The hydantein prepared from pure /-leucine was similar in appearance. It melted at 212° in 
an open capillary and contained 17-98 % N (cale. 17-95 %). A mixture of the two substances 
melted at 210°. The hydantoin prepared from dl-leucine melted at 209°. Dakin [1910, 1] gives 
209-210° for the melting-points of the active and racemic 





212° and Pinner and Lifschiitz [18% 
hydantoins respectively. The hydantoin relatively insoluble in chloroform was therefore the 
derivative of ordinary leucine. The properties of the derivatives of isoleucine and norleucine are 
described below. 

The chloroform solution was evaporated to dryness and the residue crystallised from water. 
A crop of needles separated and was filtered off. It weighed 0-25 g. The mother-liquor was con- 
centrated and a further crop of large needles crystallised along with a little isobutylhydantoin. 
Many of these needles, which were over 1 cm. in length, were separated by means of forceps and 
wiped clean. When dried in the desiccator they weighed 0-6 g. The residue was evaporated to 
dryness together with the aqueous mother-liquor from the crystallisation of the material insoluble 
in chloroform. The dry residue was treated with hot benzene and the suspension filtered when 
cold. The insoluble matter was recrystallised from water. It melted at 206° and the melting-point 
was unaltered when the substance was mixed with isobutylhydantoin. It weighed 0-09 g. On 
evaporation of the benzene and crystallisation of the residue from water a mixture of needles 
and hexagonal plates was obtained, which after being dried in the desiccator weighed 0-3 g. 

The substance which crystallised in needles agreed in all respects with the hydantoin prepared 
from active isoleucine and described below. It melted at 95° when heated rapidly. If the finely 
powdered substance were heated slowly it lost water of crystallisation without melting com- 
pletely and then melted between 120° and 130°. The hydrated compound contained 16-12% N 
(calc. 16-09 %). 
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a-Carbamido-secbutylacetic acid has not been described hitherto. 0-3 g. of commercial d-iso- 
leucine (10-71 °4 N) was boiled with excess of potassium cyanate in 5 cc. of water for 15 minutes. 
When the cooled liquid was acidified carefully with dilute sulphuric acid the carbamido-acid was 
precipitated. This was filtered off and recrystallised from water. It crystallised in cubes and 
long flattened prisms and melted at 205°. It contained 15-95 % N (cale. 16-09 %). Its solubility 
in water at 20° was 1:700 approximately, whereas that of «-carbamido-isobutylacetic acid is 
given as 1:1700 by Lippich [1908]. A mixture of equal parts of the carbamido-acids from leucine 
and isoleucine melted at 201° in an open capillary. 

secButylhydantoin has not been described hitherto, but Lippich [1908] probably obtained it 
without being aware since he observes that isobutylhydantoin crystallises from ether in needles. 
The presence of isoleucine in the leucine used by him for the preparation of carbamido-isobuty]- 
acetic acid accounts for various discrepancies in melting-points and solubilities recorded by that 
author. 

The hydantoin prepared from commercial d-isoleucine crystallised in long needles which gave 
up water of crystallisation on fusion. The hydrated product melted at 95° when the capillary 
containing the substance was suddenly immersed in a bath at that temperature or when a small 
crystal was placed in the capillary instead of the finely powdered material and the temperature 
raised in the usual way. When the powdered substance was heated slowly it melted between 
120° and 130°. After careful fusion a melting-point of 150° was found with slight softening at 
145°. Amongst the needle-like crystals which composed the bulk of the preparation a few hexa- 
gonal and rhombic plates were visible under the microscope. When the hydantoin was dissolved 
in dilute alkali and the solution warmed for some time, the hydantoin recovered by acidifying 
with excess of hydrochloric acid and boiling crystallised almost entirely in these plates. Dakin 
[1910, 1] has shown that the active hydantoins are readily racemised in alkaline solution. iso- 
Propyl- and benzyl-hydantoins show a similar change in crystalline form, when the optically 
active substances are kept in alkaline solution for some hours. Racemisation also occurs gradually 
when the active hydantoins are heated with concentrated hydrochloric acid. 

The needle-like crystals of hydrated active secbutylhydantoin contained 15-93 94 N (calc. 
16-09 %). The substance crystallised from hot dry benzene in plates. If a few drops of water 
be added to a solution of active secbutylhydantoin in cold benzene a flocculent precipitate of the 
hydrated compound is thrown down in the form of extremely fine filaments. These evidently lose 
water readily since some of this material dried at 40° contained 17-66 % N. The same material 
dried at 150° for 3 hours contained 17-50 % N. Probably slight decomposition occurs at this 
temperature with loss of nitrogen. 

In order to remove any suspicion that the norleucine derivative might be present in the 
insoluble carbamido-acid fraction the carbamido-acid and hydantoin derived from that amino- 
acid were prepared by synthesis from n-hexoic acid. The acid was brominated by means of 
bromine and amorphous phosphorus and the product was poured into water and washed re- 
peatedly with water. The «-bromo-n-hexoic acid was heated with large excess of concentrated 
ammonia in a closed vessel at 100° for 4 hours. In this way 30 g. of n-hexoic acid yielded 19-5 g. 
of norleucine containing 10-87 % N (cale. 10-69 %). The phenyl isocyanate derivative melted at 
137° and the phenylhydantoin at 110°. The phenyl isocyanate of /-norleucine melts at 133° and 
the phenylhydantoin at 110—111° [Abderhalden and Heyns, 1933}. 

The carbamido-acid melted at 176° and contained 15-86 % N (calc. 16-09 94). Kondo [1912] 
found the melting-point of the inactive «-carbamido-n-hexoic acid to be 165°. One part of the 
carbamido-acid dissolved in approximately 375 parts of water at 20°. «-Carbamido-n-hexoic acid 
can therefore be separated from the leucine derivative and less completely from that of isoleucine 
by crystallisation from water. It would not appear in the insoluble carbamido-acid fraction unless 
present in considerable quantity in the protein. 

The hydantoin melted at 139° and contained 17-78 % N (cale. 17-95 %). One part of n-butyl- 
hydantoin dissolves in approximately 200 parts of water at 20°. 

The quantities of «-« arbamidobutylacetic acids, isobutyl- and secbutyl-hydantoins isolated 
correspond to 10-2 g. of leucine-isoleucine or 6-1 g. of leucine and 3-6 g. of isoleucine per 100 g. 
of protein. 

The mother-liquors from which the insoluble carbamido-acids from leucine and isoleucine 
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were first separated and that from which they were recrystallised were united, acidified with 
excess of concentrated hydrochloric ‘acid and concentrated on the water-bath to a syrup. This 
syrup was stirred repeatedly with fresh quantities of ether until very little material was being 
removed each time. The ether was distilled off and the residue crystallised from water. In this 
way a crystalline fraction and a syrup were obtained. The former might be expected to consist 
chiefly of hydantoins from phenylalanine, leucine, isoleucine, valine and proline and the latter 
of those from valine, proline, hydroxyproline and alanine in so far as the related amino-acids 
were present in the protein. 

The crystalline ether-soluble hydantoins were recrystallised from water. A relatively insoluble 
product was obtained which melted at 190-191°, contained 15-53 % N, and weighed 0-55 g. The 
greater part of this material was in short thick prisms which were transparent at first but became 
opaque as they dried in a desiccator. When the substance was strongly heated in a dry test-tube 
it emitted the odour of phenylacetaldehyde, and on ignition it burned with a smoky luminous 
flame. From these observations together with solubility considerations it was evidently a mixture 
of benzyl- and isobutyl-hydantoins. 0-2 g. of the dry material was therefore suspended in 500 ce. 
of benzene. The benzene suspension was warmed for some time, cooled and kept at room tem- 
perature overnight. The nsoluble matter was then filtered off, washed with cold benzene, dried 
and weighed. It weighed 0-05 g. and melted at 197—202°. After recrystallisation from water it 
melted at 206°. A mixture with pure isobutylhydantoin melted at the same temperature. The 
benzene filtrate was shaken repeatedly with ammoniacal water and the aqueous solution was 
concentrated to small volume. As the concentrated solution cooled a substance crystallised out in 
rectangular platelets. This material melted at 189-190° and contained 14-79 % N (calc. for benzy]- 
hydantoin 14-73 %). Wheeler and Hoffman [1911] give the melting-point of dl-benzylhydantoin as 
190° and Dakin and Dudley [1914] give 195-196°. The active variety melts at 181—-183° [Dakin and 
Dudley, 1914]. Concentration of the ammoniacal solution causes racemisation of the hydantoin. 

The amount of benzylhydantoin in the mixture corresponds to a yield of 1-4 g. of phenyl- 
alanine from 100 g. of protein, and the additional isobutylhydantoin raises the yield of leucine 
to 6-6 g. from 100 g. of protein. 

The syrupy residue from which the benzylhydantoin and other hydantoins had been extracted 
by means of ether was diluted to about 100 cc. and kept for some days. It gradually deposited 
large spherical aggregates of a substance which was very insoluble in water and in ether, gave 
Millon’s reaction strongly and after recrystallisation from hot water melted at 234° and con- 
tained 13-80 °4 N (calc. for C,p)H,gO,N., N 13-59 %). p-Hydroxybenzylhydantoin melts at 242 
245° in a closed capillary [Lippich, 1908]. Wheeler and Hoffman [1911] give the melting-point of 

°. The amount of material isolated was 0-85 g. corre- 





dl-p-hydroxybenzylhydantoin as 257- 
sponding to 3-0 g. of tyrosine from 100 g. of the protein. 

The yield of tyrosine obtained by crystallising the amino-acid itself from a hydrolysate of 
150 g. of cod-muscle protein was 2-3 g. per 100g. of protein, a figure which agrees with that of 
Osborne and Heyl [1908] for halibut-muscle protein. However, Millon’s reaction showed the 
presence of much tyrosine in the mother-liquors. 

The melting-point of the isolated material was raised to 247° by recrystallisation from alcohol. 


The isolation of the derivatives of leucine, isoleucine, valine, 


phe nylalan ine and tyrosine from Case inoge nN. 


As in the case of cod-muscle protein 25 g. of the protein (commercial caseinogen), calculated 
on the dry ash-free basis, were used. The method differed from that described above in that the 
water-insoluble carbamido-acids were precipitated and filtered off before extraction of the de- 
rivatives of the monoaminomonocarboxylic acids by means of alcohol at py 4. 

The precipitate of insoluble carbamido-acids was decolorised by means of animal charcoal and 
recrystallised from hot water. Two different experiments gave almost the same yields of a mixture 
of «-carbamido-isobutylacetic and «-carbamido-secbutylacetic acids corresponding to 9-3 g. of 
leucine-isoleucine per 100 g. of protein. The mixture melted at 197 and contained 16-04 °4 N. 
0-75 g. of this material was dissolved in dilute alcohol. A few cc. of concentrated hydrochloric 


acid were added, and the solution was evaporated to dryness on the water-bath to effect con- 
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version into the hydantoins. The residue was dried at 100° and then treated with 500 cc. of hot 
benzene. The benzene suspension was cooled and filtered after some hours. The insoluble material 
was dissolved in hot alcohol, the solution filtered, diluted with water and concentrated. 0-48 ¢. 
of hydantoin were obtained by crystallisation. This melted at 208° and contained 18-02 % N. 
It was therefore pure isobutylhydantoin. 

The benzene filtrate was shaken repeatedly with fresh quantities of ammonia water and the 
aqueous extracts were evaporated to dryness. The residue weighed 0-15 g. It was dissolved in a 
little hot benzene, the solution was filtered and the filter-paper was washed with hot benzene. 
The precipitate which separated as the benzene cooled was filtered off and dried for 3 days at 90°. 
It weighed 0-12 g. and melted at 145-150° and contained 17-50 °% N. It crystallised from water 
partly in platelets, partly in needles and was evidently a mixture of active and racemic secbutyl- 
hydantoins. The slightly low N content is due to the difficulty of expelling the last traces of 
water from the active material. 

A further 0-04 g. of active secbutylhydantoin was obtained from the aqueous mother-liquor 
from which the isobutylhydantoin had been recrystallised by precipitation from benzene on 
addition of a drop of water. This melted at 100° when rapidly heated in the manner of hydrated 
secbutylhydantoin. 

The proportion of leucine to isoleucine derivative in the insoluble carbamido-acids was 4:1 
corresponding to 7-6 g. and 1-7 g. of leucine and isoleucine respectively per 100 g. of protein. 
Approximately this proportion of isoleucine has been found in caseinogen by various workers. 

The ether-soluble hydantoins, obtained as described for cod-muscle protein, were crystallised 
and recrystallised from water. A relatively insoluble fraction was obtained which contained 
15-47 ° N. This was separated into isobutyl- and benzyl-hydantoins by means of benzene as 
described for cod-muscle protein. The weight of the mixture was 0-85 g. and the proportion 
isobutylhydantoin: benzylhydantoin was 1:3, corresponding to 0-7 g. (8-3 g. altogether) of leucine, 
and 2-2 g. of phenylalanine per 100 g. of protein. 

A second fraction of the ether-soluble hydantoins, more soluble in water than the first, was 
apparently a mixture of the derivatives of isoleucine (active and racemic), phenylalanine and 
leucine, but was not fully investigated. 

The remainder of the ether-soluble material was concentrated to a sticky consistency and 
was rubbed up with 500 ce. of hot benzene. When the benzene was filtered and allowed to stand 
it deposited a precipitate which consisted of a felt of fine needles. This was filtered off and re- 
crystallised from benzene. After being kept in a desiccator for some days it was found to contain 
18-9 °4 N. The melting-point of the finely divided material was indefinite and appeared to vary 
from 80° to 130° according to the time of drying and the rate of heating. It crystallised from 
water in long needles which melted at 112°. One part dissolved in 40 parts of water at 20°. 

di-Valine was synthesised from isovaleric acid in the manner already described for 
norleucine. The valine contained 11-75 % N (cale. 11-96 %). The carbamido-acid contained 
17-20 ©, N (cale. 17-50 °,). The hydantoin contained 19-77 % N (calc. 19-71 %). The carbamido- 
acid melted at 187°. Lippich [1908] found the melting-point to be 176° in a closed capillary. 
The hydantoin melted at 143°. The hydantoin prepared from commercial dl-valine melted at 
145°. Lippich (1914, 1] gives the melting-point of the hydantoin in a closed capillary as 132 

The racemic hydantoin crystallised from water in hexagonal and rhombic plates similar to 
those of dl-secbutylhydantoin. One part of the hydantoin dissolved in approximately 23 parts 
of water at 20°, 130 parts of ether, 130 parts of chloroform and 2000 parts of benzene. 


Some l-valine was purchased. It contained 12-15 % N. The hydantoin prepared from it was 
soluble in hot benzene from which it separated in a felt of fine needles. These melted indefinitely 
up to 143° according to the time of drying and the rate of heating in determining the melting- 
point. Nitrogen determinations carried out on this substance were lower (18-74 %) than the 
formula C,H,)0.N, requires (19-71%). After racemisation, however, the nitrogen content of 
material crystallised from benzene and dried at ordinary temperature was 19-89 %, and the 
melting-point was 145°. One part of active isopropylhydantoin dissolves in approximately 
32 parts of water at 20°. 


The amount of isopropylhydantoin separated from caseinogen as described was 1-2 g. corre- 


sponding to a yield of about 4 g. 


of valine per 100 g. of protein. 
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That fraction of the hydantoins which was insoluble in ether but derived from carbamido- 
acids soluble in alcohol at py,4 deposited a precipitate of p-hydroxybenzylhydantoin in microscopic 
needles. When this was filtered off and recrystallised from dilute alcohol it melted at 248° and 
contained 13-79 % N. It weighed 0-80 g. corresponding to a yield of 2-9 g. of tyrosine per 100 g 


of protein. 


The isolation of the derivatives of leucine, phenylalanine and proline from gelatin. 

Some proteins present an easier problem than others. In the case of gelatin the absence of 
isoleucine and valine in considerable quantities permits a comparatively easy separation of the 
hydantoin of proline. 

A gelatin hydrolysate was made slightly alkaline with sodium hydroxide solution and boiled 
with urea equal in weight to the gelatin used. The solution was then made strongly acid by 
addition of concentrated hydrochloric acid and was boiled for 3 hours. (In the presence of urea 
and salts the formation of the hydantoins from the carbamido-acids takes place more slowly 
than in the case of pure carbamido-acids.) The solution of hydantoins was extracted with ether 
in a continuous extractor for some days. A mixture of hydantoins was obtained from which 
the derivatives of leucine, phenylalanine and proline were obtained pure by recrystallisation from 
water and the use of benzene as already described. The proline derivative contained 20-09 % N 
(cale. 20-0 %), and melted at 157°. When the isolated compound was mixed with a preparation 
made from pure proline picrate (M.P. 148°) and melting at 165°, the melting-point of the mixture 
was 161°. 

There is no doubt that in the case of gelatin the yield of these three derivatives could be made 
practically quantitative, but in view of the desirability of proceeding with other parts of the 
work the experiment was discontinued. 


The isolation of the derivatives of tyrosine, glycine and alanine from silk fibroin. 
The protein (50 g. of silk waste calculated on the dry ash-free basis) was converted into a 
mixture of hydantoins in the manner described for gelatin. Potassium cyanate was however used 
instead of urea. 

On concentration of the solution to 300 cc. about 3-5 g. of dark-coloured p-hydroxybenzyl- 
hydantoin separated and were filtered off. It gave an intense Millon reaction. The filtrate was 
concentrated to a syrup and treated with 300 cc. of absolute alcohol. A mixture of salts and 
organic matter was precipitated and was filtered off after several hours. The new filtrate was 
concentrated in vacuo and the residue was again treated with 300 cc. of absolute alcohol. More 
organic material separated, crystallising on the side of the beaker where it had been scratched. 
This was also removed by filtration. A third crop was obtained in like manner. The separated 
material was treated with 350 cc. of hot glacial acetic acid, and the liquid was filtered hot. The 
insoluble salts were washed repeatedly with hot glacial acetic acid, and the washings were added 
to the rest of the acetic acid solution. As the solution cooled a crystalline substance separated 
and was filtered off. A further quantity was obtained on evaporation of the acetic acid. The 
crude product was boiled in solution with dilute hydrochloric acid in order to reverse any 
acetylation which might have occurred. The solution was then evaporated to dryness, and the 
residue was extracted with acetone in a Soxhlet apparatus. After crystallisation from water the 
extracted material melted at 222° and contained 27-81 % N (calc. for hydantoin 28-0 %). A mix- 
ture with pure ordinary hydantoin (m.P. 220°) melted at the same temperature. The weight of 
hydantoin thus isolated was 14 g. corresponding to 21 g. of glycine per 100 g. of protein. 

An unsuccessful attempt was made to separate the rest of the glycine and alanine from the 
mother-liquor as the carbamido-acids. For this purpose the solution of hydantoins was boiled 
with dilute alkali. This line of attack was abandoned, however, and the hydantoins were reformed 
in the racemic condition. 

The mother-liquors were concentrated and extracted with ether in a continuous extractor. Small 
amounts of benzyl- and secbutyl-hydantoins were removed in the first few hours; thereafter a 
hydantoin very soluble in water collected in the receiver. The extraction was slow, occupying 
a period of many days, and the experiment was discontinued when about 6 g. of substance had 
been collected. This was crystallised from water, from which it separated, with water of crystallisa- 


tion, in microscopic dumb-bell or kidney-shaped aggregates. It melted at 143° and contained 
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24-45 °% N after being dried at 100°. Methylhydantoin requires 24-56 % N. Kénigs and Mylo 


1908] found that the racemic hydantoin melted at 146-5°. 


The amount of methylhydantoin isolated corresponded to 9 g. of alanine per 100 g. of protein, 


but considerably more could have been obtained if the extraction had been continued. 


DISCUSSION OF RESULTS. 


Whether it be considered by itself, or in conjunction with previously existing 
methods of protein analysis, the carbamido-method shows promise of con- 
siderable utility. 

It should prevent the possibility of mixtures of commonly occurring amino- 
acids being mistaken for hitherto unknown substances. 

Mixtures of leucine, isoleucine and valine, of tyrosine and cystine, and of 
glycine and alanine have been found difficult to resolve. The methods described 
or indicated here provide solutions of these problems. 

The use of urea instead of potassium cyanate in conjunction with these 
methods of separation provides a cheap process for the preparation of certain 
amino-acids in the pure condition. The hydrolysis of the hydantoins, however, 
yields only racemic amino-acids. 

SUMMARY. 


1. The properties of the carbamido-acids and hydantoins corresponding to 
various amino-acids present in protein hydrolysates have been studied with 
reference to methods of characterisation and isolation of these amino-acids. 

2. Methods of isolating leucine, isoleucine, valine, phenylalanine, tyrosine, 
proline, alanine and glycine from protein hydrolysates have been described. 


In conclusion I wish to thank Dr W. Robson, Miss E. M. Hill and Miss 
A. Shore for gifts of various amino-acids. I have much pleasure in acknowledging 
the encouragement and advice which I have received from Dr Robson in 
carrying out this work. 
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CCLII. THE DEHYDROGENASES OF 
BACTERIUM COLI. 


I. THE EFFECT OF DILUTION: WITH A NOTE ON 
THE EXISTENCE OF A CO-ENZYME OF 
GLUCOSE DEHYDROGENASE. 


By JOHN YUDKIN. 


From the Department of Colloid Science and the Biochemical Laboratory, 
The University, Cambridge. 


(Received October 31st, 1933.) 


THE activity of an enzyme preparation is normally proportional to the amount 
of enzyme present. Quastel and Whetham [1924] showed that this propor- 
tionality existed in the case of the succinic dehydrogenase of Bact. coli. Although 
this was the only dehydrogenase studied, and although the dilution was made 
only over a small range, it has since been assumed that such proportionality 
holds for all the dehydrogenases, and hence, that over a wide range of reduction 
times the reciprocal of these times is a true measure of the amount of the enzyme 
under investigation. 

During a study of the effect of poisons on the dehydrogenase systems of 
Bact. coli, it soon became evident that such assumptions were not entirely 
justifiable. The effect of dilution has, therefore, been investigated for three 
dehydrogenases of this bacterium. The results, recorded below, led to a detailed 
investigation of each of the several factors involved in the methylene blue 
technique of Thunberg, as developed by Quastel for the study of the bacterial 
dehydrogenases. As usually followed, this consists in observing the time of 
reduction of a given quantity of methylene blue 7m vacuo in the presence of a 
suspension of washed bacteria by a given substrate at a definite temperature 
in the presence of a buffer solution. 


EXPERIMENTAL. 


A washed suspension of Bact. coli was used. The bacteria were grown in 
toux bottles for 15-18 hours on a tryptic digest of caseinogen. They were 
centrifuged, washed twice by centrifuging in distilled water and finally made 
up in uniform suspension in distilled water. Such a preparation showed no 
appreciable differences in the properties of the dehydrogenases here investigated 
from one in which the bacteria were suspended in Ringer solution instead of 
distilled water. The enzymes studied were formic acid, succinic acid and glucose 
dehydrogenases. The normal procedure, which in several experiments has been 
modified as described later, was as follows. 1 cc. each of distilled water, phos- 
phate buffer p, 7-0 (7/20), methylene blue (1/5000), substrate solution and 
bacterial suspension were placed in a Thunberg tube. The final volume was 
always 5 cc. The tube was evacuated for about 14 minutes at the water-pump, 
then placed in a bath at 40°. This was taken as the beginning of the experiment 











1850 J. YUDKIN 










and the time taken for the methylene blue to become reduced by 80 % as 
estimated by comparison with standards was taken as the reduction time. Each 
experiment was done at least in duplicate. The substrates were M/10 solutions 
of sodium formate, sodium succinate and glucose. The bacterial suspension used 
was of different concentrations for the different enzymes, being strongest for 
the succinic and most dilute for the formic dehydrogenase. Thus similar reduction 
























times were obtained for the three dehydrogenases. 4 
Effect of dilution. | 
If a strict proportionality exists between enzymic activity and dilution, then 


the product of the dilution and the activity should be constant for all degrees 
of dilution. The activity of the dehydrogenases may be taken as the reciprocal 
of the reduction time. If now the product of activity and dilution is plotted 
against the reduction time, the limits of reduction time between which pro- 
portionality holds can be read off directly. In Fig. 1 the results for the three 


« dilution 
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Fig. 1. Effect of dilution on the dehydrogenases. 
A. Formic dehydrogenase, 4. 8. Succinic dehydrogenase, e. C. Glucose dehydrogenase, ©. 


enzymes are so plotted. In order that the three curves might be plotted on 
the same figure, the maximum value of the product of activity and dilution 
has been given an arbitrary value of 100 units. 

Similar curves are of course obtained on plotting the product of activity 
and dilution against dilution. 

It will be seen that formic dehydrogenase exhibits strict proportionality 
between dilution and activity when the reduction time lies between 20 and i 
160 minutes. After this, the activity begins to decrease rather more rapidly 
than is warranted by the dilution. Succinic dehydrogenase shows this propor- 
tionality between reduction times of 20 and 50 minutes. With both enzymes, 
when the reduction time is less than 20 minutes the activity is too low, i.e. the 






reduction time is too long, a result mainly due to the errors introduced by the 
relatively large temperature coefficient of the reaction effecting an increasing 
rate until the materials attain the temperature of the bath. 

Another possible source of error is the reduction of some of the methylene 
blue before the tube is placed in the bath. The results show clearly, however, 
that this effect, which would tend to give too low a reduction time, is com- 
pletely masked by the temperature lag effect. 











1 The presence of small quantities of residual air would have a similar effect. 
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The results with glucose dehydrogenase are very striking. There is no range 
at all within which there is any proportionality between activity and dilution. 
When the reduction time is less than 10 minutes, a rise in the curve occurs as 
with the other two enzymes. In this case, however, the rise does not continue 
until a reduction time of 20 minutes is reached and then remain constant, but 
a rapid fall in the curve occurs when the reduction time exceeds 10 minutes. 
The effect of factors responsible for the extreme lack of proportionality with 
glucose dehydrogenase would seem to exceed the temperature lag effect when 
the reduction time is more than 10 minutes. 

The lack of proportionality at the higher reduction times might be due to 
a gradual destruction of the enzymes at 40° or to a slow poisoning of the enzymes 
by methylene blue. The phosphate buffer and the substrate itself might also 
be influencing the reduction times. All these factors have, therefore, been in- 
vestigated for each of these three enzymes. 

Inactivation of the enzymes at 40°. It is well known that on keeping a sus- 
pension of Bact. coli for some time, even at 0°, there is a decrease in the activity 
of the enzymes. By far the most susceptible of the three here studied is the 
glucose dehydrogenase. Quastel and Wooldridge [1927] showed that on keeping 
a suspension of Bact. coli for one hour at higher temperatures (47° and 57°) 
formic dehydrogenase was unaffected, succinic affected appreciably at 57 
whilst the glucose dehydrogenase was appreciably affected at 47° and com- 
pletely inactivated at 57°. 

It therefore seemed likely that glucose dehydrogenase was being appreciably 
inactivated at the temperature of the bath (40°) and that this might in part 
account for the decreased activity noted when the concentration of the bacteria 
was such as to give a fairly long reduction time. 

Suspensions of the bacteria were kept at 40° for one hour and the activities 
compared with suspensions kept at 0° (Table I). It will be seen that this treat- 
ment causes no diminution in the activity of any of the enzymes. 


Table I. 
eduction time in minutes 


after one hour at 


Dehydrogenase 0 40 
Formic 17-75 18-25 
Succinic 22-5 20-0 
Glucose 10-75 10-25 


Poisoning by methylene blue. 1 cc. of methylene blue solution was placed 
in each of a number of Thunberg tubes and 1 cc. of bacterial suspension added. 
At varying intervals, 1 cc. each of buffer solution, substrate solution and water 
were added to these tubes, which were then evacuated and the reduction times 
taken. 

The results are given in Fig. 2 in which the original activity of the enzyme 
has been given a value of 100 units. Formic dehydrogenase is entirely unaffected 
by methylene blue in 5 hours. Succinic dehydrogenase is poisoned to the extent 
of 40 %, after 2 or 3 hours. Glucose dehydrogenase is poisoned to the extent 
of 80 %,; at first the poisoning is rapid, then it becomes much slower. 

The poisoning action of methylene blue in these experiments took place at 
19-20°. An experiment with glucose dehydrogenase at 40° showed that the 
poisoning was much more rapid but the final activity of the poisoned enzyme 
was the same. Glucose dehydrogenase is also poisoned to the same extent in vacuo. 
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In these experiments, the poisoning action of methylene blue continues 
during the period of reduction. The times given on the abscissa in Fig. 2 are 
the times from the addition of the methylene blue to the bacteria to the time 































when put in the bath with the other substances. These times are, therefore, } 
less than the actual time of action of the methylene blue. 
. ’ 
<a, 
| 
Time in hours 
Fig. 2. Poisoning of the dehydrogenases by methylene blue. 

A. Formic dehydrogenase at 19°, 4. B. Succinic dehydrogenase at 19°, e. i 

C. Glucose dehydrogenase at 19°, ©. D. Glucose dehydrogenase at 40°, @. 


Since dilution involves more prolonged action of the dye on the enzyme, 
the poisoning effect of methylene blue seems at first glance to account for the 
observed discrepancies in the dilution experiments, since the enzyme most 
affected by dilution is the one most affected by methylene blue. Formic dehydro- 
genase, which is little influenced even by great dilution, is unaffected also by 
methylene blue. The poisoning experiments might also account completely for 
the falling off in the activity of succinic dehydrogenase when the reduction 
time is greater than 50 minutes, since even at 19° an appreciable amount of 
poisoning has taken place in this time. In the case of glucose dehydrogenase, 
however, even though the enzyme has been poisoned to the extent of 50 % in 
one hour at 40°, this would hardly account for such a great fall in the activity 
as that observed when the reduction time is increased from 10 minutes to, say, 
25 minutes. It is probable, therefore, that there are other factors which cause 
this phenomenon in the case of glucose dehydrogenase. 

Effect of phosphate buffer. The effect of leaving the bacteria in contact with 
the phosphate buffer was investigated in a manner exactly analogous to that 
described for methylene blue. The suspension of bacteria was left in contact 


Table IT. 






Time of action of 
phosphate on bacteria Reduction time 
De hydrog« nas¢ minutes minutes 








Formic 







Succinic 


Glucose 











DEHYDROGENASES OF BACT. COLI 1853 


with the phosphate at room temperature, the other substances added after 


| varying intervals and the reduction time determined (Table II). 
Phosphate has very little effect on formic dehydrogenase; if anything, it 
} results in a slight inhibition of the enzyme. The actions of both the succinic 
and glucose dehydrogenases are accelerated by leaving the bacteria in the 
; presence of the phosphate for a time. Maximum acceleration, about 30 %, is 
obtained after about 2 hours at a temperature of about 20°. 
The activation of succinic and glucose dehydrogenases by phosphate is 
readily reversed by removal of the phosphate by centrifuging. The activities 
of the enzymes determined in the ordinary way are found to be the same as 
before treatment with phosphate (Table ITI). 


Table IIT. 


Reduction time in minutes 


After action of 


phosphate for After removal of 
Dehydrogenase Initially 2 hours phosphate 
Succinic 31-0 21 33 
Glucose 11-25 8 12 


Effect of phosphate buffer on the poisoning by methylene blue. The bacterial 
suspension was left in contact with both phosphate buffer and methylene blue 
for an hour and the activities of the enzymes determined after the addition of 
the substrates. 


Table IV. 


Reduction time in minutes 








= aS ea, = 
After action of 
After action of methylene blue 
methylene blue and phosphate 
Dehydregenase Initially for one hour for one hour 
Formic 13-0 13-25 
Succinic 17-5 21-0 
Glucose 8-0 15-25 





It will be evident from Table IV that the presence of phosphate has no 
effect on the poisoning by methylene blue of any of the enzymes. That is, the 
accelerating effect of phosphate is not observed in the presence of methylene blue. 

Effect of using buffers other than phosphate. Although the effect of phosphates 

is masked by the presence of methylene blue, it was thought that an acceleration 
might occur in the ordinary procedure adopted in the methylene blue technique. 
In an attempt to avoid this possible effect of phosphate, two other buffers were 
tried. Sodium maleate buffer was prepared according to the description of 
Temple [1929]. Although Temple describes it as a buffer only for the range 
Py 5-2-6-8, it can readily be shown that even at py, 7-0, it still has about 10 % 
of its maximum buffering power. It was accordingly prepared and used 
Py 7-0. The second buffer prepared was the diethyl barbiturate (veronal) buffer 
of Michaelis [1930]. 

These buffers were used in a concentration of M/20 and compared with 
phosphate buffer. The activities of the enzymes were determined in the ordinary 
way. In certain experiments, 1 cc. of phosphate solution was added as well as 
the 1 cc. of the other buffer. The results are recorded in Table V. 
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Table V. 


ec. of buffer used 






































—--— ——-- Reduction time 
Dehydrogenase Phosphate Veronal Maleate in minutes 

Formic l 0 0 18-25 

l l 0 18-0 ' 

0 l 0 26-0 

l 0 l 23-0 

0 0 l 25-0 
Succinic l 0 0 22-5 

l L 0 23-0 

0 1 0 31-0 

] 0 1 27-0 

0 0 l 27-25 
Glucose l 0 0 17-0 

] l 0 30-0 

0 1 0 28-5 

] 0 ] 19-0 

0 0 ] 24-0 


All three dehydrogenases are inhibited by veronal to the extent of 30-50 %. 


Glucose dehydrogenase is inhibited by veronal to about the same extent in the 
presence or absence of phosphate; the other two enzymes, however, have the 
same activity in the presence of veronal and phosphate as in phosphate alone. 
Maleate buffer also inhibits all three enzymes, though not equally. Glucose 
dehydrogenase is much less inhibited if phosphate is present at the same time; 
formic dehydrogenase is only slightly less inhibited, whilst succinic dehydro- 
genase shows the same inhibition in the presence or absence of phosphate. 

Thus the three enzymes differ considerably in their behaviour towards the 
three buffers. The exact interpretation of these results is at present impossible, 
although it seems likely that in some cases phosphate plays an active part in 
the dehydrogenation. 

Effect of acting on substrate. The suspension of bacteria was left for a time 
in contact with one or other of the substrates. After a time, the other substances 
were added and the reduction time determined. 

(a) Formic dehydrogenase. The results with this enzyme were rather variable 
but in no case was there any significant alteration in the reduction time. 

(b) Succinic acid. Bacteria left in contact with succinate show an accelerated 
reduction rate. It is known that succinic acid gives rise by the action of Bact. coli 
[ Woolf, 1929] to malic acid, which can act as a hydrogen donator [Quastel and 
Whetham, 1925]. This would explain the more rapid reduction of the methylene 
blue after the bacteria have acted for a time on the succinate. 

The acceleration due to succinate is slightly less than that due to phosphate. 
Phosphate and succinate together do not have an additive effect (Table V1). 


Table VI. 









Minutes 
Reduction time, initial 44 
Reduction time, after 30 mins. at 20° with succinate 28 
succinate and phosphate 30 
phosphate 31 









(c) Glucose dehydrogenase. With glucose, as with succinate, a markedly in- 
creased activity occurs after the bacteria have been in contact with the sub- 
strate for a short time before the addition of the methylene blue. In one ex- 
periment, the reduction time determined in the normal way was 13 minutes. 
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The reduction time after the bacteria had acted on the glucose for 15 minutes 
at 20° was 9 minutes. An even greater acceleration occurs if the bacteria are 
allowed to act on the glucose in vacuo. 

As with succinate, these results may be explained by the formation of a 
substance or substances which are able to act as additional donators of hydrogen. 
[It is well known that the action of Bact. coli on glucose results in the formation 
of several substances, such as lactic, acetic, succinic and formic acids, ethyl 
alcohol, etc. [Harden, 1901; Grey and Young, 1921; Aubel, 1926]. Of these, 
formic, succinic, lactic and acetic acids can act as hydrogen donators to methylene 
blue in the presence of washed suspensions of Bact. coli [Quastel and Whetham, 
1925]. Moreover, Cook and Haldane [1931] obtained a gradually increasing rate 
of oxygen uptake for Bact. coli in the presence of glucose, which they attributed 
to the formation of secondary metabolites such as those considered above. 

The following experiments are in accordance with the view that the accelera- 
tion is due to the production of substances from glucose which can be activated 
by enzymes of the bacteria to donate hydrogen to methylene blue. 

Exp. 1. A suspension of bacteria was left in contact with glucose at three 
different temperatures. It will be seen from Table VII that no acceleration 
occurred when the bacteria and glucose were left at 0°, slight acceleration when 
they were at 20°, and a greater acceleration when they were at 40°. 


Table VII. 


Minutes 


Reduction time, initial 10-0 

Reduction time, after 15 mins. with glucose at 0 10-25 
% 9 20 8-75 
» » 40° 6-75 


Exp. 2. The bacteria and glucose were left for 30 minutes at 20°, the mixture 
was then placed in boiling water for one minute; methylene blue was added 
and the tube evacuated. No reduction occurred after 6 hours. 

Exp. 3. Asuspension of bacteria was allowed to act on glucose for 30 minutes 
at 20°. 1 ce. of N/1V00 solution of silver sulphate was added!. Again, no re- 
duction was observed even after 6 hours. 

Exp. 4. It has been shown [Quastel and Wooldridge, 1927] that glucose 
dehydrogenase is completely inactivated by shaking the bacteria for 2 or 3 
minutes with toluene. Now the bacteria were allowed to act on glucose for 
30 minutes at 20° and were then treated with toluene; it was found that a slow 
reduction of methylene blue occurs in these conditions. A control experiment, 
in which the bacteria were treated with toluene before the addition of the 
glucose, showed no reduction of methylene blue whatever. 

From these experiments it is obvious that the action of Bact. coli on glucose 
results in the formation of substances which are capable of being activated as 
hydrogen donators by enzymes present in the bacteria. Exp. 4 shows that these 
enzymes are not identical with glucose dehydrogenase. 

The effect of glucose on the reduction of methylene blue by Bact. coli was 
similar to its effect with spores of B. subtilis [Tarr, 1933]. The reduction time 
was less after the spores had been left with glucose for 30 minutes at 40°. This 
was attributed by Tarr to the gradual formation of glucose dehydrogenase in the 
spores. It seems much more likely that here too there is an accumulation of 
secondary hydrogen donators, as suggested above for Bact. coli. This is sup- 

1 This concentration of silver sulphate has been shown to inhibit completely many dehydro 
genases, such as those of glucose, lactic acid and succinic acid. 
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ported by the observations of the same author that spores treated with ethyl- 


urethane cannot reduce methylene blue in the presence of glucose, unless they 


have been allowed to act on the glucose before the addition of the ethylurethane. 
This is exactly similar to the results of the treatment of Bact. coli with toluene 
described above. Moreover, B. subtilis spores show a gradually increasing rate 
of oxygen uptake with glucose [Tarr, 1933], which, like the results of Cook and 
Haldane [1931] for Bact. coli, can be best explained by the formation of break- 
down products of glucose. 


Co-enzyme of glucose dehydrogenase. 


It has been pointed out that the poisoning of glucose dehydrogenase by 
methylene blue is not sufficient to account for the very rapid falling off in the 
activity of this enzyme on dilution. Moreover, the accelerating effects of the 
products of the action of the organism on glucose would be expected to result 
in an increased rate of reduction of methylene blue when the reduction times are 
longer, and hence these effects would tend to compensate for the poisoning effect 
of the dye. It is, therefore, evident that the effect of dilution on glucose dehydro- 
genase is due to some other factor or factors which have not yet been considered. 

It was thought possible that there existed in Bact. coli a co-enzyme for 
glucose dehydrogenase, which might be washed out of the bacteria on dilution 
and so become the limiting factor in the action of the enzyme. This hypothesis 
was tested by adding, together with untreated bacteria, 1 cc. of a suspension 
which had been heated to 100° for 5 minutes to the usual reactants in a 
Thunberg tube. The reduction time of this was taken and compared with the 
reduction time of glucose dehydrogenase without the addition of heated bacteria. 
The results are given in Table VIII. There is a considerable acceleration by the 
addition of heated bacteria, which themselves have no activity. 


Table VIII. Effect of addition of heated bacteria on glucose dehydrogenase. 


Bacteria eduction time 
Unheated bacteria 33 minutes 
Unheated + heated bacteria 11-75 minutes 
Heated bacteria >6 hours 


It was considered possible that the heating of the suspension might have 
resulted in the liberation of substances which could act as hydrogen donators 
and hence give an accelerated reduction of methylene blue. That this is not so 
is shown by the fact that a mixture of heated and unheated bacteria in the 
absence of glucose causes no reduction of methylene blue even after 3 hours. 

The effects of dilution on glucose dehydrogenase in the presence and absence 


Table IX. 


Without heated bacteria With heated bacteria 
Concentration Reduction time Activity x Reduction time Activity > 
of suspension minutes dilution minutes dilution 
] 8 100 8 100 
2/3 1} 105 12 102 
1/2 17 98 17 100 
1/3 83 31 22-5 112 
L/5 > 360 0 35 117 
1/8 > 360 0 72 92 
1/12 125 80 
1/16 240 56 
1/24 - 500 40 


(approx.) 





— 
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of heated bacteria is shown in Table IX. The same undiluted heated suspension 
was added in each experiment. 

The effect of the addition of heated bacteria is very marked in some dilutions. 
When the bacteria were diluted to 1/5 of their original concentration, the re- 
duction time was too long to be measured; when the heated suspension was 
present, however, the reduction time was 35 minutes. It will be seen that when 
the concentration of bacteria is sufficient to give a reduction time of 17 minutes 
or less, the addition of the heated suspension is without effect. In other words, 
in these concentrations, there is sufficient co-enzyme present to give the 
maximum activity. 

When the reduction time is greater than 35 minutes there is a rather rapid 
falling off in activity even in the presence of heated bacteria. This effect might 
well be due to the gradual poisoning of the enzyme by methylene blue, which 
was noticed above. 

It is evident, therefore, that there is present in Bact. coli a thermostable 
substance capable of acting as co-enzyme to glucose dehydrogenase. The pro- 
perties of this co-enzyme are now being investigated. 


Discussion. 

The methylene blue technique as used for the study of bacterial dehydro- 
genases has been shown to be limited in its applicability. Unless the reduction 
time is taken between certain limits, which vary for the various dehydrogenases, 
the activity measured is not a true representation of the strength of the enzyme. 
For example, with succinic and formic dehydrogenases, when the reduction time 
is less than 20 minutes, there is an error due to the time taken for the tem- 
perature of the reactants to reach that of the bath. The activity is thus too low. 
This error necessitates a correction to many of the results quoted in the literature. 

The upper limit of reduction time for proportionality to hold varies con- 
siderably for the different enzymes. Formic dehydrogenase shows a constant 
“activity x dilution” up to very long reduction times. Only when the reduction 
exceeds 2 hours is there a falling off in the activity, and this is very slight. 
These results are in accordance with the stability of this enzyme to methylene 
blue and temperature, and the absence of effect of the phosphate buffer. 

The results with succinic dehydrogenase, which shows a decreasing activity 
after 50 minutes, have been explained by the poisoning effect of methylene blue. 
The accelerating effect due to the action of the organisms on the succinate itself 
is not sufficient to compensate for this poisoning by the dye. 

Glucose dehydrogenase, although poisoned to a greater extent than succinic 
dehydrogenase by methylene blue, shows a very striking lack of proportionality 
between activity and dilution. It was found that there is present a thermostable 
co-enzyme in the bacteria which is probably washed out on dilution. On the 
addition of a heated suspension of bacteria, the effect of dilution is what one 
would expect from the poisoning of the enzyme by methylene blue. Here, as 
with succinic dehydrogenase, it would seem that the poisoning by the dye out- 
weighs the acceleration due to the decomposition of glucose. 


SUMMARY. 

1. The effect of dilution on activity has been studied for three enzymes of 
Bact. coli, the formic, succinic and glucose dehydrogenases. The product of the 
activity and dilution, which should be constant, is found to be so within certain 
limits for the first two of these but not at all for the glucose enzyme. 
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2. The various factors involved in the methylene blue technique have each 
been considered in an attempt to explain these discrepancies. 

3. None of the enzymes is affected by being kept at 40° for one hour. 

4. Formic dehydrogenase is unaffected by being kept for 5 hours with 
methylene blue or one hour with phosphate buffer. 

5. Succinic dehydrogenase is slowly poisoned to a maximum of 40 % by 
methylene blue. Its action is accelerated when it is kept in presence of phos- 
phate buffer or with succinate. 

6. Glucose dehydrogenase is poisoned to 80% by methylene blue. Its 

action is accelerated when it is kept with phosphate buffer or with glucose. 
7. It is shown by treatment with toluene, silver eéc., that the accelerating 
effect on glucose dehydrogenase produced when the bacteria are kept in contact 
with glucose is due to the production of substances from the glucose which are 
activated by the bacteria as hydrogen donators. 

8. A thermostable co-enzyme of glucose dehydrogenase has been demon- 
strated in Bact. coli. 

9. The effects of dilution on the three enzymes can be explained by the 
properties of the enzymes studied in this paper. 

10. The limitations of the methylene blue technique are discussed. 


The author wishes to acknowledge the encouragement and advice received 
from Prof. E. K. Rideal during the course of this work. 
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In an earlier communication [Buston and Pramanik, 1931, 1] it was shown 
that the “accessory factor” found by Farries and Bell [1930] to be necessary 
for the growth of Nematospora gossypii, the fungus responsible for the “internal 
boll disease” of cotton, in synthetic media consisted of at least two distinct 
constituents, one of which was found to be 7-inositol. The discovery of the 
necessity for the presence of this compound found a parallel in the observation 
of Eastcott [1928] concerning “bios” [see also Buston and Pramanik, 1931, 2]. 
The chemical nature of the second constituent forming the accessory factor 
was not determined by Buston and Pramanik, who recorded only that it ap- 
peared to be precipitable by Neuberg and Kerb’s mercuric acetate reagent and 
might therefore ‘‘ be associated with the mono-amino-acids.”’ 

Since the publication of this earlier work, further attempts have been made 
to characterise the second factor. Much more active concentrates thereof have 
been prepared, and although there is as yet no indication that the substance 
concerned has been obtained in a state approaching purity, it is thought that 
the results so far obtained may be of interest. 

One difficulty has been met with repeatedly; with the very active concen- 
trates, almost any treatment seemed to result in partial destruction of activity, 
or at any rate in the introduction of some substance giving rise to a ‘“‘staling”’ 
type of growth in the cultures. Even the most extreme care in the use of 
purified reagents etc. has not always succeeded in overcoming this difficulty. 
Despite this, it has been possible, from a consideration of the reactions given 
by the active concentrates, to draw some tentative conclusions as to the possible 
chemical nature of the second factor, although these must be accepted with 
reserve in view of the admitted impurity of the preparations. 


EXPERIMENTAL. 

General technique. 

The experimental method adopted was that described by Buston and 
Pramanik; the same strain of the organism was used, and the methods of culture 
were identical. The standard basal medium was of the following composition: 
glucose, 2%; K,HPO,, 0-5 %; MgSO,, 7H,O, 0-25 %; nitrogen, supplied from 
117—2 
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a standard gelatin hydrolysate, 0-3 %; agar, 2 %. To this was added, where 
necessary, t-inositol (B.D.H. or Kahlbaum), 0-02 %; and the appropriate amount 
of concentrate of the second factor. 

Using their “critical dose” technique, Buston and Pramanik showed that 
such a dose of concentrate (i.e. the amount of concentrate beyond which further 
addition did not result in a proportionate further increase of growth) gave a 
growth of 270-290 mg. of mycelium (dry weight from two plates). In general, 
therefore, in fixing the amount of any concentrate of the second factor required, 
the “‘unit dose” was taken as the amount of concentrate, immediately after 
removal of inositol, necessary to give a growth of 270 mg., the corresponding 
amounts of the more active concentrates being calculated from the dry-weight 
yields of the various fractions, due allowance being made for losses at different 
stages. 

Source of the second accessory factor. 

The original experiments of Farries and Bell showed that the accessory 
factor (not then recognised as a mixture) was present in a number of “crude” 
proteins, and absent from others. The discovery of the dual nature of the 
accessory factor made it necessary to examine again the latter group of proteins, 
since it was evidently possible that lack of activity in these was due to lack of 
inositol only. Further, it was thought that, should any protein be found rich 
in the second factor, it might serve better as a starting material for its isolation 
than an indefinite and complex mixture such as the lentil extract of Buston 
and Pramanik. 

With this in view, media were prepared in which the nitrogen (0-3 % N 
in the medium) was supplied solely in the form of hydrolysates of different 
proteins; adequate amounts of inositol were added to the media, since this 
substance was only present as an impurity in some of the crude proteins. The 
results of these tests are shown in Table I. In the case of every protein except 


Table I. 


Growth of mycelium 


Protein (mg. dry weight) 
Gliadin 76 
Legumin 104 
Edestin 20 
Excelsin 65 
Zein 124 
Oat glutelin 145 
Caseinogen 20 
Ovalbumin 20 
Fibrin 45 
Gelatin 0 


gelatin there was evidence of the presence of the second accessory factor, 
although often in very small concentrations only; even fibrin and edestin, 
stated by Farries and Bell to be completely inactive, contained small amounts 
of the substance. On the whole, the proteins prepared from seeds apparently 
contained the greatest amounts of the accessory factor, zein being one of the 
richest as well as the most easily obtainable. Further samples of zein were 
prepared, by slightly different methods, and their activities tested ; it was found 
that there was no connection between the activity of a sample of zein and its 
purity, as measured by nitrogen content (Table II). Further, experiments 
showed that the most active sample of zein obtained showed, weight for weight, 
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only two-fifths of the activity of the crude lentil concentrate, so that in spite of 
objections it seemed best to continue the use of lentils as the source of the 
accessory factor. 

Table IT. 


Zein, precipitated from Nitrogen in zein Growth of mycelium 
dilute alcohol by % mg. dry weight 
Water 16-1 93 
Acetone 13-8 365 


Fractionation of the lentil concentrate by chemical methods. 


(a) Removal of inositol. So little evidence was available as to the chemical 
nature of the second accessory factor that it was hardly possible to devise a 
logical method of fractionation based upon such evidence. It became necessary 
therefore to work on somewhat empirical lines, using methods which have found 
wide application in allied fields of research. 

In the first place, some 70 g. of lentil concentrate were prepared, following 
the method of Buston and Pramanik; from this, the inositol was removed by 
precipitation with barium hydroxide and alcohol at 0°. Whereas Buston and 
Pramanik found that one such precipitation sufficed to separate the inositol 
completely from the second factor, in this case it was found that no sharp 
separation was obtained at the first precipitation, both the precipitate (inositol) 
and filtrate fractions needing to be re-fractionated. Even so, a certain amount 
of the second factor found its way into the inositol fraction, which thus retained 
some of its activity when tested alone. On the other hand, the filtrate at this 
stage was free from inositol, and was quite inactive alone, its activity being 
restored on the addition of pure inositol. A possible reason for the failure to 
separate the two factors sharply is put forward below (p. 1866). The distribution 
of activity between the fractions is shown by the results of the plating: tests, 
given in Table ITT. 


Table ITI. 


Growth of mycelium, per unit dose 
(mg. dry weight) 





co sty iro —~ 
Precipitated Filtrate Filtrate plus 
fraction fraction inositol 
First fractionation 312 245 332 
Filtrate refractionated 185 0 224 


From 50 g. of crude lentil concentrate, 6-3 g. of solid remained in the filtrate 
fraction after the second precipitation and was inactive in the absence of inositol. 
A series of platings using a range of doses of this concentrate showed that the 
standard growth of 270 mg. was produced in the presence of 25 mg. dry matter 
per 100 cc. medium (together with 20 mg. inositol). 

(b) Precipitation with mercuric acetate and with phosphotungstic acid. Buston 
anc. Pramanik had reported that the second accessory factor was completely 
precipitable by the mercuric acetate-sodium carbonate reagent of Neuberg and 
Kerb. Accordingly the inositol-free fraction of the concentrate was treated with 
mercuric acetate in the presence of barium hydroxide, this latter substance 
being used in preference to sodium carbonate in view of the objections to the 
presence of large amounts of sodium in the concentrates. A 1 % solution of 
the concentrate was used, and 30 % of the dry matter passed into the mercuric 
acetate precipitate fraction; the whole of the activity appeared in this fraction. 
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Platings with a portion of this fraction (after removal of mercury efc.) corre- 
sponding to 20 mg. of the inositol-free filtrate (i.e. 7 mg. of the ppt. fraction at 
this stage) per 100 cc. medium gave a growth of 269 mg. dry mycelium. 

The possibility has been pointed out above, that the second factor might be 
of the nature of an amino-acid; accordingly, determinations of nitrogen were 
made on the various fractions of the concentrate. The mercuric acetate preci- 
pitate fraction was found to contain 18-1 % N on dry matter, a figure so high 
as to suggest that basic substances might be present. Accordingly the pre- 
cipitation of the substance with phosphotungstic acid was studied. A series of 
precipitations was performed, the concentration of the mercuric acetate pre- 
cipitate fraction and of the phosphotungstic acid being varied. In all cases 
precipitation was carried out in 5 % sulphuric acid solution, and a sufficient 
excess of the reagent was used. The results of growth tests carried out in the 
usual manner on the several fractions are given in Table IV. From these results, 


Table IV. 


Phosphotungstic acid reagent 


25 °% solution 


25 9 10 % solution 
Solution ened aceite a Sa a == 
of con- Dry matter Growth Dry matter Growth 
centrate —- ——— — . a po a 
7 ppt. filtr. ppt. filtr. p.+f. ppt. filtr. ppt. filtr. p.+f. 
10 2010 600 251 Trace 286 1355 940 218 Trace 277 
t 375 350 168 177 228 425 500 169 160 270 
l 377 325 163 157 300 625 525 155 152 286 


(Growth figures—mg. dry mycelium.) 


it appeared that no sharp separation could be obtained by the use of phospho- 
tungstic acid, although, as shown by the growths given by the recombined 
fractions, there was little loss of activity. Maximum precipitation, both of active 
substance and of total dry matter, took place in the stronger solutions both of 
concentrate and reagent; in the weaker solutions, however, precipitation of 
total substance and of active material were not always parallel. It seemed 
therefore that true precipitation, and not a mere adsorption, was concerned. 
It was concluded that the best method of treating the concentrates, after re- 
moval of inositol, would be to precipitate first with the Neuberg-Kerb reagent 
and then from a solution containing 1 °% dry matter with 10 °% phosphotungstic 
acid reagent. By this means, the greater part of the active substance passed into 
the phosphotungstic acid precipitate, although some 25 °% escaped precipitation. 

From an original lentil concentrate giving a growth of 275 mg. dry matter 
in doses of 200 mg. per 100 cc. medium, it was possible to prepare from this 
phosphotungstic acid precipitate concentrates of the second accessory factor, 
4mg. of which, in the presence of 20 mg. of inositol per 100 cc. medium, gave 
the same growth. The material recovered from the phosphotungstic filtrates, 
though showing less activity per unit weight, still accounted for 25 to 30 % 
of the original active substance. The total recovery of factor II at this stage 
amounted to roughly 70 4, most of the remainder being lost with the inositol 
fraction. 

About 300g. of lentil concentrate were treated according to the above 
scheme in batches of 100 g. giving some 4 ¢. of the phosphotungstic precipitate 
fraction and 5g. of the filtrate fraction. (In the following pages, it is to be 
understood that ‘‘ phosphotungstic precipitate” and ‘‘ phosphotungstic filtrate” 
refer to the fractions at this stage.) 
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(c) Other chemical methods. The further concentration of the active substance 
proved a matter of considerable difficulty. Attempts were made to prepare and 
fractionate crystalline picrates, but, although picrates of varying solubility were 
readily obtained, a considerable loss of activity was always found; this was not 
due, however, to the introduction of toxic substances into the fractions. Evi- 
dence was obtained that this inactivation was due to the mild oxidising action 
of the picric acid. In view of the reported stability of the substance towards 
oxidising agents, this seemed remarkable; however, the earlier experiments con- 
cerning oxidation were all made on the crude concentrates, and an apparent 
loss of stability with purer materials is not unknown in allied fields of research. 

In another series of experiments, fractionation by means of copper salts 
was attempted [cf. Town, 1928]. From a small portion of the concentrate 
containing 250 unit doses of the second factor, the copper salts were prepared, 
and the following fractions separated: (i) insoluble in cold water, (ii) soluble 
in water, insoluble in methyl alcohol, (iii) soluble in water and in methyl alcohol, 
insoluble in absolute alcohol, (iv) soluble in absolute alcohol. In the growth 
tests on the fractions, after removal of Cu, fractions (i), (ii) and (iv) were found 
to be entirely inactive; fraction (i) was slightly toxic, possibly owing to the 
presence of traces of copper, but fractions (ii) and (iv) were free from toxicity. 
On the other hand, fraction (iii) was found to possess activity, but only to the 
extent of one-third that of the original concentrate fractionated. Thus there had 
evidently been a considerable loss of activity during the process, possibly owing 
to adsorption of the active substance on the copper sulphide precipitates. It 
may be recalled that Buston and Pramanik were unable to recover completely 
the activity of a concentrate which had been in contact with copper sulphide. 


Fractionation of the lentil concentrate by physical methods. 


(a) Fractional electrolysis. In view of the above recorded failures of chemical 
methods of fractionation, resort was had to methods of more physical nature. 
In the first place experiments were made using the method of fractional electro- 
lysis, and evidence was obtained that the active substance tended to migrate 
towards the anode, while the greater part of the solids present moved towards 
the cathode. There was however a very considerable destruction of activity in 
the series of cells, and the method did not offer any prospect of giving more 
active concentrates. 

(b) Fractionation by solvents. In a series of recent communications Block 
and Cowgill [1932] have studied the possibility of extracting vitamins of the 
B group from crude preparations by means of organic solvents and have 
claimed that they have obtained very considerable concentration under certain 
conditions. From the basic properties of the substances with which they were 
dealing Block and Cowgill argued that these substances should be soluble in 
organic solvents as bases and insoluble as salts. 

Since in the case of the Nematospora factor it was impossible to state whether 
it was of acidic or basic nature, extractions with ether were carried out with 
both acid and alkaline solutions of the substance, solutions of the crude con- 
centrate, without previous removal of the inositol, being used in the first place. 
An apparatus similar to that described by Wilson [1932] was employed; the 
ether used was previously purified carefully to remove traces of peroxides [see 
Garbarini, 1909]. The extracts and residues were in all cases freed from ether, 
acid etc., and growth tests were made, such amounts of each fraction being used 


as would correspond to 0-2 g. of the lentil concentrate, on a basal medium con- 
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taining 20 mg./100 cc. of inositol, i.e. an adequate amount of inositol, irrespective 
of the amount present in the individual extracts. The results (Table V) showed 
that no extraction had taken place from the alkaline medium, indicating that it 
was unlikely that the substance was of basic nature. On the other hand, a certain 
amount of activity was removed by ether extraction from acid solution, although 
even here the greater part remained unextracted, and more prolonged treatment 
did not increase the proportion extracted. 


Table V. 
Growth of mycelium 
(mg. dry weight) 


OF 
Alkaline Acid 
Fraction extraction extraction 
Ether extract: 1 unit Nil 41 
2 units Nil 91 
Water phase: 1 unit 300 223 
2 units 323 —_ 
Toxicity test on ether extract 293 — 


In other experiments, ether was replaced by butyl or amyl alcohol, the 
extractions being carried out in a faintly acid medium, using a continuous 
extraction apparatus modelled on that of Dakin [1920]; the extractions were 
usually carried out at reduced pressure, the temperature of the liquid being kept 
below 80°. Experiments with the crude concentrates again showed partial extrac- 
tion of the active substance from acid solution, but further experiments using 
the more active concentrates obtained from the precipitate and filtrate fractions 
after the phosphotungstic acid treatment (p. 1862) showed that the active sub- 
stance in these two fractions behaved somewhat differently towards the solvent. 

(i) A 250 ce. portion of the filtrate fraction, containing 280 unit doses, was 
extracted in all for 18 hours with butyl alcohol (this solvent being preferred to 
amyl alcohol on account of its lower B.P.). On testing, it was found that the 
aqueous phase was completely inactive, showing that the active factor had 
passed completely into the butyl alcohol. The butyl alcohol itself, however, 
seemed to contain traces of some substance which checked the normal growth 
of the fungus, causing growth of the “staling” type, and a similar type of 
growth was observed even when the extract and residue were recombined. The 
mycelium, after growing normally at first, later gave irregular and sparse 
growth, so that the dry weights of mycelium obtained showed a distinct falling 
off of activity +. The results of typical growth tests are given in Table VI. 


Table VI. 


Growth of mycelium 


Fraction (mg. dry weight) 
Aqueous phase after 12 hours Nil 
Alcoholic extract: 1 unit 146 (S) 
2 units 242 
Xecom bined 124 (S) 


(S indicates staling growth.) 


1 Not all the samples of butyl alcohol used seemed to contain the substance producing 
“staling,” for in at least one set of extractions normal growth was obtained (see Table VII, 
col. 3). It is understood that butyl alcohol is produced by a fermentation process and may 
contain traces of B-hydroxybutyric acid; this acid has been shown [Fuller, 1933] to possess 
bactericidal properties; it seems therefore not impossible that it may also afiect the growth of 
other micro-organisms. 
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(ii) A portion of the concentrate from the phosphotungstic acid precipitate 
fraction was similarly extracted with butyl alcohol. After 18 hours’ extraction, 
a growth test with 1 unit dose of the aqueous phase still gave 237 mg. (dry 
weight) of mycelium—roughly 85 °% of the full growth, showing that but little 
of the activity had passed into the alcoholic solution. A further portion of the 
same concentrate was hydrolysed for 3 hours with 1 % sulphuric acid prior to 
extraction, and in this case the whole of the active substance passed rapidly 
into the alcoholic extract, the aqueous phase after 12 hours possessing no 
activity whatever. A further test was made on the filtrate fraction, after 
hydrolysing this in the same manner, but the treatment had no effect on the 


Table VII. 
j Growth of mycelium (mg. dry weight) 
SS 
| Precipitate hydrolysed 
Filtrate co 7 
Fraction hydrolysed 1 2 
Aqueous phase after 6 hours 140 — — 
j Aqueous phase after 12 hours Nil Nil — Nil 
Alcoholic extract: 1 unit 253 204 (S) 280 
j 2 units 255 — 5 
2ecom bined 244 — — 


| (S indicates staling growth.) 


subsequent extraction (Table VII). The only explanation of the difference in 
behaviour of the active substance present in the phosphotungstic filtrate and 
precipitate fractions respectively seems to be that, in the latter, it forms part 


Original lentil extract 
(200 mg.) 


Precipitation with barium 
hydroxide and alcohol 





| 


Precipitate: Filtrate: 
(Inositol, plus (Factor II, free 
some factor IT) from inositol) 


(25 mg.) 


Precipitation with mercuric 
acetate and alkali 


Precipitate: Filtrate: 
(7 mg.) (inactive) 


Precipitation with 10 % 
phosphotungstic acid from 
1 % solution 





Precipitate: Filtrate 
(4 mg.) | 
Hydrolysis and extrac- | Extraction with butyl alcoho 
tion with butyl alcohol without previous hydrolysis 
| 

2c | | | 
EXTRACT: Aqueous phase Aqueous phase EXTRACT 
(1-2 mg.) (inactive) (inactive) (1-8 mg.) 
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of some more complex molecule, being probably combined with a basic sub- 
stance, whereby it is rendered precipitable, whereas in the former it is present 
in an uncombined form, without basic properties. In either form, however, the 
substance is capable of exercising its growth-promoting function. 

With regard to the activity of the extracts obtained after hydrolysis, that 
from the filtrate gave a growth of 255 mg. when supplied in a dose of 1-8 mg. 
per 100 cc. medium; for the precipitate fraction the dose was 1-2 mg. per 100 cc. 
Possibly the somewhat lower activity of the filtrate fraction was due to the 
presence therein of certain inactive substances, not present in the precipitate 
fraction, which were capable of extraction with butyl alcohol. 

Further concentration of the active factor has not at the moment proceeded 
beyond this stage, except that some preliminary tests have shown that, from 
the precipitate fraction after hydrolysis, the whole of the bases are precipitated 
by phosphotungstic acid at p,, 2, and are quite inactive. 

The steps in the concentration of the lentil extract are summarised in the 
accompanying diagram (see p. 1865); the figures quoted under each fraction 
represent the amount necessary, in 100 cc. of the medium, to produce the 
standard growth (270 mg.). 


Reactions given by the active concentrates. 

The observation that after hydrolysis the active factor was no longer pre- 
cipitable by phosphotungstic acid, as well as the fact that in the uncombined 
form it escaped precipitation with this reagent in the first place (thus giving 
rise to the unexplained loss of 25-30 °%, of the activity in the phosphotungstic 
acid filtrate fraction) made it clear that the substance concerned was not a base. 
The most active concentrates still contained approximately 5 % N, on dry 
matter; the product obtained by butyl alcohol extraction of the filtrate fraction 
was richer in nitrogen (14-8 °% N), although somewhat less active. Although 
this figure showed a considerable fall from the 18 °{ N recorded for the original 
phosphotungstic precipitate fraction, the possibility that activity was due to 
some nitrogenous substance was not excluded. In the combined form there 
seemed no doubt that the molecule contained a basic nitrogenous unit. The tests 
with the crude lentil concentrate (Table V) seemed to show that in the combined 
form the substance was insoluble in ether. 

Some evidence seems to exist that the active substance is of acidic nature. 
Its extraction from acid solution only by ether; its behaviour under the influence 
of the electric current; its apparent ability to form copper salts and its non- 
precipitability in the free state by phosphotungstic acid point in this direction. 
It may be also that the persistent appearance of a portion of factor II in the 
inositol fraction was due to the formation of a barium salt by a part of the 
substance which was present in the lentil extract in the free state. 

The most active concentrates were found to give a strong Molisch reaction, 
so that carbohydrates were still present. Pentoses were detected in the concen- 
trates immediately before the butyl alcohol extraction, but the orcinol reaction 
was not given by the final concentrates. On the other hand, these concen- 
trates gave a distinct naphthoresorcinol test for uronic acid, the test being 
indefinite in the case of the less active concentrates. It is interesting to recall 
that in the original paper of Farries and Bell [1930] it was suggested that the 
accessory factor was of the nature of a sugar acid; one class of sugar acids—the 
uronic acids—seem to be possessed of certain peculiar properties giving them a 
special influence on the course of metabolism. The stability of the substance 
here described towards heat and strong acids seems to preclude any possibility 
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of its being of the nature of a uronic acid, although the presence of a substance 
giving the naphthoresorcinol test is interesting. In any event, there is no 
suggestion that a state of purity has been approached; if it is possible to make 
any comparisons on the basis of the activity of the purest vitamin B prepara- 
tions, at least 90 % of even the most active concentrate must be impurity, and 
there is no justification in attempting to assign the active factor to any chemical 
class. 
Inorganic constituents of the concentrates. 

Although Farries and Bell had already shown that the ash of their active 
“ego extract” was inactive in promoting growth of N. gossypii, the recent 
observations of Richards [1932] on the ability of certain metals, particularly 
thallium, to act as growth stimulants for yeasts, made it desirable to re-examine 
the question of the possibility of inorganic constituents of the lentil extracts acting 
as growth-promoting substances. Samples of the concentrate were examined 
spectrographically by Mr Hugh Ramage, to whom the authors’ thanks are 
due. Apart from K, Na, Ca and Mg, the only element present in more than 
infinitesimal amount in the concentrate was nickel, which was present to an 
amount estimated at between 0-002 and 0-003 °%% of the crude concentrate. 
A series of platings was therefore made in order to discover whether nickel, 
in amounts of the order found in the concentrates, had any effect on the growth 
of the organism, but the results were entirely negative. 


Tests with isomeric inositols. 


In order to ascertain whether any of the naturally occurring isomerides of 
t-inositol, or related substances, could replace this body in the media, certain 
of these substances were prepared and their activity tested, in conjunction with 
factor IT. Those used were: quercitol ; quebrachitol ; /-inositol, from quebrachitol ; 
sennitol; d-inositol, from sennitol. In no case was any activity found. 


SUMMARY. 


1. The second factor necessary for the growth of Nematospora gossypii 
occurs in lentils in combination with an inactive nitrogenous base. It is readily 
liberated by gentle hydrolysis and exerts its growth-promoting influence both 
in the free and combined forms. 

2. The second factor is also found associated with proteins, especially those 
of seeds, but probably does not form part of the protein molecule. 

3. The active substance is precipitable by Neuberg and Kerb’s mercuric 
acetate reagent, but (in the free form) not by phosphotungstic acid. In the 
combined form, the presence of a basic unit renders it precipitable by the latter 
reagent. 

4. In the free form, the substance is extracted from acid solutions with 
organic solvents and seems to possess certain weakly acidic properties. 

5. The most active concentrates prepared promote full growth when present 
to the extent of 1-2 mg. per 100 cc. medium, as compared with a dose of 200 mg. 
of the original lentil extract. Some reactions given by the concentrates are 
recorded and their possible significance is discussed. 


We wish to record our indebtedness to Prof. W. Brown for facilities offered 
in the Department of Plant Pathology. 
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CCLIV. THE ENZYMIC FORMATION OF 
HYDROGEN SULPHIDE BY CERTAIN 
HETEROTROPHIC BACTERIA. 


By HUGH LEWIS AUBREY TARR\. 


From the Biochemical Laboratory, Cambridge. 
(Received November Ist, 1933.) 


None of the numerous investigators who have studied the formation of hydrogen 
sulphide by bacteria has thoroughly analysed the relation between the organic 
sulphur-containing substrate employed and the formation of this compound. 
Furthermore, the failure to eliminate bacterial multiplication may have obscured 
to some extent the simple formation of hydrogen sulphide. 

Sasaki and Otsuka [1912] found that most of a large number of bacteria 
studied by them formed hydrogen sulphide when cultivated in Frankel’s arti- 
ficial medium to which either cystine or sulphur had been added. Certain of 
the strains investigated formed this gas from thiosulphate, only a few formed 
it from sulphite, and none produced it from taurine or from sulphate. Biirger 
[1914] found that the bacteria which he studied formed hydrogen sulphide from 
cystine but not from taurine. Tanner [1917], employing Frankel’s medium, 
studied a very large number of cultures and found that most of these formed 
hydrogen sulphide from peptone and from cystine, some from thiosulphate and 
thiourea, and that none of the strains formed this gas from 2-thiohydantoin, 
sulphite or sulphate. Almy and James [1926] showed that, when P. vulgaris 
was grown in a peptone solution containing added cystine, all the sulphur of 
this amino-acid could be recovered as hydrogen sulphide. Hydrogen sulphide 
was formed in cultures of this organism under both anaerobic and aerobic con- 
ditions. Tarr [1933] showed that washed cells of P. vulgaris decomposed cystine 
completely under anaerobic conditions, with the formation of two molecules 
each of hydrogen sulphide, ammonia, acetic and formic acids. 

In the present investigation it has been shown that the process of hydrogen 
sulphide formation by washed cells of certain heterotrophic bacteria is enzymic 
in nature, a relatively high degree of specificity existing between the structure 
of the organic molecule attacked and the production of hydrogen sulphide. 
A study of certain well-known bacterial species has been made in order to deter- 
mine the distribution of the enzyme concerned; and one factor which stimulates 
its formation in the bacterial cell has been found. 


EXPERIMENTAL. 

Many of the substances used, viz. glutathione (oxidised and reduced forms), 
cystine, cysteine hydrochloride, glycylceysteine, N-acetylcysteine, N-acetyl- 
cysteine, methyl and propylesters, S-ethylcysteine, S-benzylcysteine, methionine, 

1 1851 Exhibition Overseas Scholar and External Research Student, Emmanuel College, 
Cambridge. 

















1870 H. L. A. TARR 


glycyleysteine diketopiperazine, ergothioneine hydrochloride, 2-thio-4-methyl 
hydantoin and phthalimido-ethyl mercaptide were obtained through the kind- 
ness of Dr Pirie of this Department. All these compounds gave analytical 
figures in close agreement with those required by theory. 

The sulphur compounds employed were dissolved in water to yield a con- 
centration of 1 mg. or less per cc. The relatively insoluble compounds were 
dissolved in hot water. Where necessary the py, of the solution was adjusted 
by titration to approximately 7-0 and the fluid sterilised by Seitz filtration. 
Cystine was dissolved in V/100 NaOH and the solution neutralised with sterile 
HCl after Seitz filtration. The sulphur used was autoclaved directly in the 
Thunberg tube employed. 

Suspensions of P. vulgaris cells were prepared as described by Tarr [1933], 
with the exception that sterile Ringer solution was employed instead of sulphate 
solution. Serratia marcescens was cultivated for 36 hours at 28° on caseinogen 
digest agar, in other respects the technique employed in preparing cell sus- 
pensions of this organism was identical with that used in the case of P. vulgaris. 
Bacterial suspensions prepared in the above manner were stored aseptically at 
about 1° and were used within 5 days of preparation. 

The following method was used in determining the formation of H,S. 75 ce. 
Thunberg vacuum tubes, the necks of which were plugged with cotton-wool, 
were sterilised by autoclaving, the glass stoppers being wrapped and sterilised 
separately. 2 cc. of sterile M/5 5 phosphate buffer p,, 7-8, 5 cc. of bacterial 
suspension, and, except in ann experiments, the required amount of sub- 
strate solution, were placed in each tube with aseptic precautions. The volume 
of liquid in each tube was made up to 20 cc. with sterile distilled water, the 
stopper, covered with sterile rubber grease, inserted and the tube evacuated. 
The evacuated tubes were incubated for 24 hours at 37° in experiments with 
P. vulgaris and at 28° in experiments with S. marcescens. All experiments were 
run in duplicate. At the conclusion of the incubation period the experimental 
fluid was acidified with 5 cc. of 5 % by volume H,SO, and the H,S aerated into 
15 cc. of 2 % zine acetate, sui table prec: autions bei sing taken to avoid loss of the 
gas. The zine acetate solution was e mployed for the colorimetric estimation of 
H.S by the method of Almy [1925], care being taken to dissolve all traces of zinc 
sulphide in the acid dimethyl-p-phenylenediamine reagent. 

In Table I the production of H,S by P. vulgaris and S. marcescens cells from 
a large number of organic sulphur compounds is given. The results obtained 
permit the following conclusions to be drawn. 

(1) Compounds containing the «-amino-f-thiolcarboxylic acid structure 
(cysteine), or its —S—S— form, yield over 75 % of their sulphur as H,S. 

(2) The substitution of the amino-group, carboxyl group, or both groups 
of cysteine inhibits the formation of H,S enormously. 

(3) The substitution of the sulphur of cysteine completely inhibits H,S 
formation. 

(4) «-Thiolcarboxylic-acids yield only very small amounts of H,S. 

(5) All the remaining organic sulphur compounds studied in which the S is 
not linked as in cysteine yield no H,S 

It is concluded from the above data that H,S formation from organic sulphur- 
containing substrates by the organisms investigated is specific inasmuch as, of 





the large number of compounds studied, only those which possess a cysteine or 
potential cysteine group are attacked to any significant extent. 

Of the inorganic sulphur substrates studied sulphur was reduced to H,S 
by both the bacteria, the comparative insolubility of this substance in water 
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Table I. The anaerobic formation of H,S by P. vulgaris and 8. marcescens. 


Compound 
Control i 


Cysteine 

Cystine 

Glutathione (reduced form) 
Glutathione (oxidised form) 
Glycyleysteine 
N-Acetylceysteine 
N-Acetyleysteine methyl ester 
N-Acetyleysteine propyl ester 
Thiolacetic acid 
«-Thiolpropionic acid 
S-Ethyleysteine 
S-Benzylcysteine 

Methionine 

Glycyleysteine diketopiperazine 
Ergothioneine 
Phthalimido-ethyl mercaptide 
Thiourea 

Monophenylthiourea 
Allylthiourea 
2-Thio-4-methylhydantoin 
Sodium thiosulphate 

Sodium sulphite 

Sodium sulphate 


Sulphur 


Weight 


usec 


in mg. 


0-0 


0-5 


1-0 


1 


Theoretical 
amount 
H,S 
mg. 

0-0 

0-141 
0-142 
0-111 
0-111 
0-095 
0-104 
0-096 
0-083 
0-093 
0-159 
0-114 
0-086 
0-114 
0-089 
0-113 
0-093 
0-112 
0-112 
0-146 
0-131 
0-108 
0-135 
0-120 


1-062 


H,S recovered 


ee 


mg. 
0-004f 
0-004 
0-112¢ 
0-120 
0-120f 
0-123 
0-095f 
0-095 
0-098+ 
0-092. 
0-080 
0-084 
0-020 
0-020 
0-010 
0-010 
0-006 
0-006 
0-006 
0-006 
0-006 
0-006 
0-0045 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-002 
0-002 
0-004 
0-004 
0-0045 
0-004 
0-004 
0-004 
0-002 
0-002 
0-002 
0-002 
0-087 
0-087 
0-004 
0-004 
6-004 
0-004 
0-026 
0-029 





P. vulgaris 


O/ * 
oO 


0 


VU 


* Calculated on the theoretical value after subtracting the control. 
+ No appreciable variation was found in the control values for different suspensions of the 


same organism. 


S. marcescens 


mg. 
0-004 
0-004 
0-120 
0-115 
0-120 
0-115 
0-091 
0-091 
0-090 
0-094 
0-074 
0-078 
0-006 
0-006 
0-006 
0-006 
0-017 
0-017 
0-010 
0-009 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-002 
0-002 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004 
0-004§ 
0-004 
0-004§ 
0-004 
0-:004§ 
0-004 
0-029§ 
0-025 


ur 


SU 





] 


t 31 mg. dry weight of bacteria per exp. Exps. in the same column without asterisk had 


34 mg. dry weight per exp. 


§ 66 mg. dry weight of bacteria per exp. Exps. in the same column without asterisk had 


49 mg. dry weight per exp. 
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probably limiting the amount reduced. Neither sulphite nor sulphate was re- 
duced. The fact that thiosulphate was strongly attacked with the formation of 
HS by P. vulgaris and was not attacked by S. marcescens, and that cysteine was 
attacked by both organisms, suggests that H,S formation from thiosulphate 
and from cysteine is due to two distinct mechanisms. 


Distribution of the enzyme forming HS from cysteine. 


In order to determine the distribution of the enzyme among different bac- 
terial species a study was made of aerobic, facultative anaerobic and anaerobic 
bacteria. Washed cell suspensions of B. subtilis, B. megatherium, Ps. aeruginosa, 
E. coli and A. faecalis were prepared by the method used in obtaining P. vulgaris 
cells. S. lutea was cultivated for 48 hours at 28°, the technique of preparing 
cell suspensions of this organism being in other respects identical with that used 
in preparing P. vulgaris cells. C. sporogenes was grown anaerobically for 44 hours 
on caseinogen digest broth, the cells being washed and suspended in Ringer 
solution by the method already referred to. Duplicate experiments for deter- 
mining the amount of H,S produced from 0-5 mg. of cystine, together with the 
corresponding controls, were run for all the organisms studied, the technique 
employed being identical with that already described. The experimental solu- 


Table Il. The anaerobic formation of HS from 0-5 mg. of cystine 
by different bacteria. 


H.S recovered 
(theory for 0-5 mg. 


Dry wt. of cystine = 0-142 mg.) 
bacteria per pclae are ase 
experiment % of 
Organism mg. Experiment mg. theoretical 
A. faecalis 26 Controls 0-002 
0-002 
. 8 
Cystine 0-013 ; 
0-013 
B. subtilis 23 Controls 0-000 
0-000 
Cystine 0-018 11 
0-014 
B. megatherium 16 Controls 0-000 
0-000 
Cystine 0-002 ! 
0-002 
E. coli 21 Controls 0-002 
0-002 
4% ' 78 
Cystine 0-111 5 
0-111 
Ps, aeruginosa 33 Controls 0-004 
0-004 , 
Cystine 0-012 ” 
0-014 
S. lutea 55 Controls 0-000 
0-001 
Cystine 0-001 0 
0-001 
C. sporogenes 4 Controls 0-004 
0-004 
Cystine 0-065 43 


0-065 
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tions were incubated for 24 hours, at 28° in the case of S. lutea, and at 37° in 
the case of all other bacteria studied. 

The results of these experiments are given in Table Il. From this Table it 
is evident that the power of various bacteria to produce H,S from cysteine 
varies considerably. Thus S. lutea and B. megatherium are inactive or nearly so, 
while . coli and C. sporogenes are very active. It is interesting to note that 
the enzyme is present both in cells of such aerobic bacteria as B. subtilis and 
A, faecalis, and in the strict anaerobe C. sporogenes. 


The velocity of H,S formation from cysteine by washed cells of P. vulgaris 

obtained from an identical medium with and without added cysteine. 

P. vulgaris was grown in the usual manner on caseinogen digest agar to 
which 0-1 % of cysteine (as the neutral hydrochloride solution sterilised by 
Seitz filtration) had been added prior to solidification of the medium, and on an 
identical medium without added cysteine. Washed cell suspensions of both these 
types of bacteria prepared as usual were stored at 1° and were used within 
12 hours of preparation. H,S formation from 0-5 mg. of cysteine was determined 
as already described, a number of experiments being run in the case of each 
suspension. The velocity of H,S formation was determined by incubating the 
Thunberg tubes in a water-bath at 37° and withdrawing them at suitabl 
intervals for the estimation of this gas. In Fig. 1 the results of these experi- 








Time in hours 


Fig. 1. 1. -© H,S formed from ¢ ysteine by P. vulgaris cells obtained from medium with 0-1 
ak led cysteine; 2. (—() H,S formed from cysteine by P. vulgaris cells obtained from 
medium chhens added e ysteine; 3. ——\-— H,S formed in absence of cysteine by P. vul- 
garis cells obtained from me aes with 0-1 % added cysteine; 4. —-—-— H,S formed in 


absence of cysteine by P. vulgaris cells obtained from medium without added cysteine. 


land 3. 14mg. dry wt. of bacteria perexp. 2 and 4. 24 mg. dry wt. of bacteria per exp. 


ments are plotted graphically. It is clear from this diagram that H,S is formed 
with much greater rapidity by cells cultivated in the presence of 0-1 % cysteine 
than by cells cultivated on an identical medium in the absence of added cysteine. 
Suspensions of cells cultivated in the medium rich in cysteine also give off 
more H,S when incubated in the absence of cysteine than do suspensions ob- 
tained from the medium without added cysteine. The formation of H,S from 
cysteine takes place with greatest velocity at the commencement of the experi- 
ment. After 8 hours 85 % of the cysteine added was recovered as H,S in the 
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experime nt in which cells from the medium rich in cysteine were employed, 
while in the case of the other suspension only 51 % of the cysteine sulphur was 
recovered as H,S. Calculation showed that, in this experiment, 10 mg. (dry 


weight) of bacteria from the medium rich in cysteine would be capable « of 


forming 85y of H,S in 8 hours, while, under similar experimental conditions, 
10 mg. (dry weight) of bacterial cells from the medium with no added cysteine 
would only form 38y of H,S in 8 hours. 


SUMMARY. 


1. The formation of hydrogen sulphide from a variety of organic and inor- 
ganic sulphur compounds has been studied employing washed cells of P. vulgaris 
and S. marcescens. 

2. Of the organic sulphur compounds studied only cysteine, cystine or those 
containing either of these molecules yield over 75 % of their sulphur as HS. 

3. Substituted cysteine compounds and «-thiolearboxylic acids, when 
attacked, only yield very small amounts of H,S, and all other organic sulphur 
compounds studied yield no H,S. 

4. Of the inorganic sulphur compounds studied sulphur is reduced to H,S 
by both bacteria. while neither sulphite nor sulphate is reduced with the forma- 
tion of H,S by either strain. 

5. Thiosulphate is reduced with the formation of H,S by P. vulgaris, but 
not by S. marcescens. 

6. The formation of H,S from organic sulphur compounds appears, therefore, 
to require the presence of a specific enzyme in the bacterial cell. 

7. This enzyme has not been found in the cells of all bacteria studied, but 
has been found in the cells of aerobes, facultative anaerobes and in one strict 
anaerobe. 

8. Cysteine added to the medium employed for producing the bacterial cells 
stimulates the formation of the enzyme. 


This investigation was largely made possible by the kindness of Dr N. W. 
Pirie of this Department in supplying me with most of the organic sulphur 
compounds employed. My thanks are due to Dr Spooner of the a 
of Pathology for giving me certain of the cultures used. To Sir F. G. Hopkins 
I am indebted for his constant interest and encouragement. 
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CCLV. THE NORMAL SERUM-CALCIUM AND 
MAGNESIUM OF THE RAT: THEIR RELATION 
TO SEX AND AGE. 


By ELSIE WATCHORN. 


From the Biochemical Laboratory, Cambridge. 
(Received November Ist, 1933.) 


THE normal serum-magnesium of the rat has not hitherto been determined, 
except perhaps for a very few animals; some figures given by Watchorn [1932] 
for instance, were too few to be of value. The present paper gives the data from 
approximately 100 rats. The opportunity was taken to study the calcium also, 
for although the rat has frequently been used for serum-calcium studies (notably 
in work on irradiated ergosterol) the normal has received but little attention, 
a few animals only having generally been used. The work of Cameron referred 
to later is, however, an exception to this general statement. 


EXPERIMENTAL. 


The rats (black and white piebalds) when weaned were placed on a diet 
consisting of “‘light white casein”’ 23, rice starch 40, cane sugar 20, arachis oil 12, 
salts (modified McCollum and Davis, for details see Watchorn [1932]) 5, dried 
yeast 10, cod-liver oil 2-5. Fresh water was provided ad lib., and in addition 
fresh milk was given several times a week. The percentage of magnesium in 
the basal diet was 0-035, which is within the range suggested by Lavollay [1931] 
as most suitable for growth. The males and females were kept separate through- 
out, and all animals were housed in large cages giving ample room for exercise. 
The room was kept at a constant temperature of 70° F. The rats were always 
killed in the early afternoon and the stomach was invariably empty, no fresh 
food having been given that morning. Blood was removed by heart puncture 
under chloroform anaesthesia. All females were taken in dioestrus, and each 
rat was examined for evidence of disease; if such was present the blood was 
not used. Any haemoglobin-stained sera were also discarded. 

Calcium was estimated by Clark and Collip’s [1925] modification of Kramer 
and Tisdall’s method, and magnesium by the Bell-Doisy colorimetric determina- 
tion of the precipitated magnesium ammonium phosphate. Owing to the high 
concentration of magnesium in the serum of the rat it is possible to make 
accurate determinations on 1 cc. of serum. 2 cc. were, however, taken whenever 
possible on account of the accompanying calcium determination. 


Results. 

The rats of each sex have been divided into two groups, “young” and 
“adult.” The former were all 3-4 months old, and the latter ranged from 
8} to 16 months. Originally the adults were subdivided into those under one 
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year and those over one year, but as no difference could be detected in the 
few 16-months old rats available, they have finally been grouped together with 
the others. The results are given in Tables I and II. 

About 20 rats reared on a mixed stock diet of natural foodstuffs have also 
been examined. The values for serum-calcium and magnesium all came within 
the normal limits given in the following tables. 


Table I. Normal rat serum-calcium. 


(mg. per 100 cc.) 


Males Females 
Young Adult Young Adult 
No. of animals 28 27 24 24 
Range of variation 10-70-13-79 10-29-13-16 11-18—13-23 9-61—-14-04 
Mean value 12-23 11-92 12-00 11-60 
Standard deviation of the mean 0-14 0-16 0-12 0-26 
Standard deviation of the series 0-75 0-84 0-61 1-29 


Table II. Normal rat serum-magnesium. 


(mg. per 100 cc.) 


Males Females 
Young Adult Young Adult 
No. of animals 28 25 23 23 
Range of variation 4-01—6-89 3°30-5-24 3-71-—5-10 3-63-—5-69 
Mean value 5°36 4-43 4-39 4-43 
Standard deviation of the mean 0-12 0-10 0-08 0-10 
Standard deviation of the series 0-64 0-49 0-39 0-50 


DISCUSSION. 


Calcium. From a much smaller series Parhon and Werner [1932] found that 
the normal serum-calcium of the rat varied from 11-0 to 13-5 mg. per 100 cc., 
with an average of 12-2 mg. Tweedy and Chandler [1929] give a range of 
9-25-12-5 mg. per 100 cc., and Hess e¢ al. [1932] in a series of 11 normal young 
rats have values from 10-1 to 13-O0mg. per 100 cc., the average being 11-18 mg. 
The figures in Table I are of the same order as those just quoted, as also are those 
given by Dixon [1933]. On the other hand, Hess e¢ al. in an earlier paper [1928-29] 
state that the rat’s normal serum-calcium is 10-0 mg. per 100 cc., and Harris and 
Stewart [1929] that the range is 9-5-10-5 mg., though in neither case are figures 
given or authorities quoted. The “‘hypercalcaemic” figure found by Harris and 
Stewart seems in fact to be well within the normal range. 

In the present series the serum-calcium level of both young and adult females 
was slightly lower than that of the corresponding males. The adults of both 
sexes had lower average values than the young. The question arises as to 
whether these small differences can be regarded as significant. If the animals 
are grouped into “young” and “adult” irrespective of sex and the results 
treated statistically, the following figures are obtained: 

Mean value of all young= 12-16 mg. per 100 ce. 

Mean value of all adult =11-77 mg. per 100 ce. 

Difference = 0-39 mg. per 100 cc. 
The value of ¢ is 2-171, P lies between 0-05 and 0-02, and thus the difference 
due to age is significant. Parhon and Werner [1932] noticed a tendency for 
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serum-calcium to decrease with age in many species, including the rat. Cameron 
[1928] found the contrary. 
Males and females grouped irrespectively of age give the following figures: 


Mean value of all males =12-10 mg. per 100 ce. 
Mean value of all females= 11-80 mg. per 100 cc. 
Difference = 0-30 mg. per 100 ce. 


The value of ¢ is 1-708, so that P lies between 0-1 and 0-05; from this it is 
impossible to say with certainty whether the difference between sexes is signi- 
ficant or not. McIsaac [1928] found slightly lower concentrations of calcium 
in the serum of young female rabbits compared with males of similar ages; this 
sex difference became more marked with age. Meglitzky [1927] found a similar 
sex difference in cats, and Boynton and Greisheimer [1930-31] for men and 
women. Charles [1931] found an average of 11-96 mg. per 100 cc. for 12 male 
rabbits and 11-51 mg. for 12 females—though again, statistically, the difference 
is not significant. 

Boynton and Greisheimer [1930-31] noticed that men showed a smaller range 
of serum-calcium variation than women, and Okey e¢ al. [1930] state that the 
day to day variations for men are smaller than for women. It is apparent from 
Table I that the serum-calcium of the adult female rat is more variable than 
that of the adult male or the young of either sex. 

Cameron and Williamson [1927] give the average winter and summer serum- 
calcium value for the albino rat as 10-4 mg. per 100 cc., with a range of 8-3- 
12-1 mg. Values in the spring were definitely lower. Cameron [1928] further 
investigated the matter and found that the younger the rat the more variable 
was the serum-calcium and the more liable to be low in concentration. The curve 
for blood-calcium values appeared to be parallel with the curve for solar ultra- 
violet radiation, and Cameron suggests that the low levels frequently found in 
his young rats were the result of insufficient and seasonal variations in the 
vitamin D content of the foodstuffs fed. Cameron’s figures were obtained from 
the study of a large number of rats and their accuracy is not to be doubted; 
nevertheless they cannot be taken as representing the normal picture for the 
rat living in this country under standard conditions, where the vitamin intake 
is unaffected by seasonal changes. 

Magnesium. The serum-magnesium of the rat is approximately double that 
of man. The average value of the females did not change with age and was the 
same as for aduit males. The young males, however, had definitely higher values. 
The difference between the average values of young and adult males was 
0-93 mg. per 100 cc. The value of ¢ is 5-856, whence P is less than 0-01 and the 
difference definitely significant. Had all the animals been examined irrespectively 
of age, there would still have appeared to be a difference between the males 
and females of 0-51 mg. per 100 cc., and this again is statistically significant 
(t=4-907 and P is less than 0-01). Charles [1931] found slightly lower serum- 
magnesium values in female rabbits compared with males, but the difference 
was not statistically significant for the number of animals used. 

The lower serum-magnesium level of the young female rats is interesting in 
connection with magnesium deficiency. It has been the experience of the writer 
that females receiving a magnesium-deficient diet show pathological symptoms 
much more rapidly than do the males of the same age. 

Correlation of serum-calcium and magnesium. Brookfield [1933] stated that 
there is an inverse relationship between the serum-calcium and magnesium of 
rabbits. No such inverse relationship was apparent from an inspection of the 
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same direction. The correlation coefficient of the 97 pairs of figures available for 
treatment is +0-36 and P is less than 0-01. There thus appears to be a definite, 
though not very rigid, relation between the serum-calcium and magnesium, 
but the coefficient being positive the ratio of the two is direct and not inverse. 


SUMMARY. 


1. The serum-calcium and magnesium values of approximately 100 rats 
have been determined. 

2. Young rats had a slightly, but probably significantly, higher serum- 
calcium level than adult animals. 

3. The females had a slightly lower serum-calcium than the males. The 
difference was not definitely significant. 

4. The average serum-magnesium of adult males and of young and adult 
females was the same (4-4 mg. per 100 cc.), but young males had a significantly 
higher average (5-36 mg. per 100 cc.). 

5. There was no seasonal variation in either mineral with the diet used. 


The writer is indebted to the Medical Research Council for a full time 
personal grant. 

She also wishes to thank Mr Wishart of the School of Agriculture for advice 
and encouragement concerning the statistics. 
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In the preliminary paper of this series [Miller and Chibnall, 1932], it was pointed 
out that the original ether method of Chibnall [1923] for the preparation of leaf 
proteins gave negligible amounts of protein when applied to various grasses, and 
a modification involving the use of ether-water in lieu of ether was described 
which in certain cases had enabled us to prepare the protein from cocksfoot. 
The yield of protein obtained however varied greatly and in most cases was 
disappointingly small. Many experiments were made to find out the inherent 
weakness of the method employed, and one of them (Exp. 4) described in the 
preliminary paper suggested that the ultimate yield of protein could be enhanced 
two- or three-fold if the grass, instead of being treated as soon as possible after 
cutting, was first of all set aside for about 8 hours, as though some change 
affecting the “‘aggregation” of the leaf proteins took place during this short 
period, thereby enabling them to disperse more readily into colloidal solution at 
the appropriate stage in the preparation. At the same time it was clearly pointed 
out that the influence of ether or ether-water, together with a ‘“‘time factor,” 
on the cytolysis of the leaf cell protoplasts—the first and essential step in the 
preparation of the leaf proteins—was not yet clearly understood, for although 
the use of ether-water and a “time factor” of 8 hours gave fair yields of protein 
from grasses cut in spring, they gave, curiously enough as it seemed at the time, 
negligible yields of protein from grasses cut from the same plots the following 
autumn. 

Further experiments carried out during the last 18 months have indeed 
shown that our former conclusions were quite erroneous. Ether-water has been 
used as a cytolysing agent in the preparation of proteins in excellent yield from 
a large number of grasses and other forage crops, and we now know that the 
essential point in its employment is that it must have been used at least once 
before to cytolyse an appropriate amount of grass. This subtle difference in 
behaviour between what we shall henceforth refer to for convenience as “fresh” 
and “used ”’ ether-water was quite unlooked for, because our previous experience 
in the use of ether itself as the cytolysing agent for leaves such as spinach or 
runner bean had taught us to look upon the ether content of the ether-water as 
the potent factor in its use. When fresh ether-water is used to cytolyse leaves 
it not only becomes contaminated with sap which exudes from the leaf cells but 
it also loses ether by evaporation during the subsequent handling of the leaf 
material. For this reason it had been customary in our laboratory to employ a 
new sample of ether-water with each portion of grass undergoing treatment. 
Occasionally, however, a shortage of ether compelled us to use the ether-water a 
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second or third time, and it is a coincidence that this occurred when a sample of 
the grass had been deliberately set aside for 8 hours. The greatly increased yield 
of protein then obtained was naturally, but we now know wrongly, ascribed to 
the “‘time factor” mentioned above. Further investigation very soon disclosed 
the nature of the extraordinary difference in action between “‘fresh”’ and “‘used”’ 
ether-water and since we now believe that this slight modification in technique 
permits the preparation of proteins in good yield not only from leaves of 
herbaceous plants which were amenable to the earlier ether treatment but also 
from leaves of ligneous plants from which it has hitherto been impossible to 
prepare proteins at all, it is necessary to describe the cytolysing action in some 
detail. 

When cut grass is immersed in “fresh” ether-water for ten minutes the latter 
slowly turns brown. The leaf cells are cytolysed and the protoplasts become 
freely permeable to the aqueous contents of the vacuoles; consequently those 
constituents of the cell whose molecules are sufficiently small will diffuse freely 
through the cellulose wall into the ether-water. If a section of this cytolysed 
grass be cut the cells present the same appearances as those of spinach leaves 
cytolysed with ether [Chibnall, 1923]. In each cell the protoplast has collapsed 
and has shrunk to one end, the rest of the cell being fled with a brown water- 
clear liquid which is the vacuole fluid diluted with ether-water. 

If a fresh batch of cut grass is now immersed in this “‘used” ether-water, 
cytolysis of the cells takes place to all appearances as readily as before, and the 
ether-water becomes further contaminated and more darkly coloured. Two 
striking differences can, however, be readily observed. In the first place there is 
a relatively enormous uptake of “used” ether-water by the cells, presumably 
before the semi-permeability of the protoplasts has been completely destroyed. 
In the second place a cut section shows that there is no evidence of collapse or 
shrinkage of the protoplasts, although these have been rendered freely permeable. 
The section, in fact, differs but little from that of a fresh untreated blade of grass, 
in which the turgid protoplasts fill the whole interior of the cell. 

It is not possible at the present time to give a physiological explanation of 
the difference in behaviour between the “‘fresh’’ and ‘‘used”’ ether-water, but 
we believe that the following account affords a reasonable explanation of certain 
of the observed facts which bear on the yield of protein ultimately obtained. 
When the cut grass is immersed in “‘fresh” ether-water, the semi-permeability 
of the protoplast is destroyed extremely rapidly, so that the fluid of the vacuole, 
which contains a high concentration of solutes, is suddenly released. This fluid, 
as it diffuses out through the now freely permeable protoplast, causes partial 
dehydration or perhaps partial denaturation of the colloidal proteins which are 
one of the chief components of the cytoplasm, and may thus help to bring about 
the collapse and shrinkage of the protoplast. At the stage in the preparation of 
the proteins therefore when the pressed and washed leaf residues are ground up 
with water the cytoplasmic contents of the cells are not readily dispersed into 
colloidal solution. When ‘‘used” ether-water is employed the cytolysis of the 
ells is brought about in a modified way. The anaesthetic action of the ether is 
depressed, so that instead of causing the almost instantaneous death of the cell 
there is in the earlier stage only a slow decrease in semi-permeability. In some 
way which it is not yet possible to explain the response of the cells is changed, 
with the surprising result that water passes rapidly through the protoplast into 
the vacuole. The ether anaesthesia ultimately renders the protoplast freely 
permeable, but the vacuole fluid has been by now so diluted with ether-water 
that when it diffuses out through the protoplast the colloidal proteins suffer no 
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appreciable dehydration or denaturation, so that not only is the protoplast left, 
to external appearances, unchanged, but at the stage in the preparation of the 
leaf proteins referred to above the cytoplasmic contents of the cells are readily 
dispersed into colloidal solution. Appropriate experiments have shown that this 


modified action of ‘“‘used”’ ether-water is due not to‘the lowered concentration of 


ether but to the substances which diffuse out from the cytolysed cells, and ether- 
water which has been used initially with one particular species of grass will act 
as “used” ether-water for any other species. 

If one accepts the validity of the above explanation, it appears that the high 
yields of protein obtained from spinach and other leaves by the older ether- 
method, which caused the collapse and shrinkage of the protoplasts, were due 
to the much lower concentration of solutes initially present in these leaf cell 
vacuoles. 


EXPERIMENTAL. 


Materials used. The grasses used in the present research were pure strains 
taken from specially cultivated plots which were sown in the autumn of 1931. 


Table I. Details of proteins prepared from various grasses. 


Extracted protein 























Sample of leaf material a — 
r— — — $$, Yield in 
Total % of 
Fresh Dry Total pro- Total N(Ash- total 
Date of weight weight N tein-N weight free) leaf 
Species sampling kg. % % % g. . protein 
Cocksfoot (Dactylis (Batch Q) 8-0 14-5 6-4 5-3 73 14-1] 16-8 
glomerata) ( R) 17-0 14-] 6-5 5-0 271 13-6 30-9 
( S) 2 20-0 13-0 6-8 a7 245 14-0 23-3 
< ‘= U) 2 16-0 17°5 58 5:1 216 13-0 
Bac AB) 29. v. 33 30-0 13-0 6-15 5-4 397 14-6 
( AC) {. vi: 33 16-0 15-0 6-0 5-3 10 13-4 
= ( AD) 22. vi. 33 30-6 17-8 5°65 1-9 360 13-2 
; % ( AE) 11. ix. 33 15 8-3 6-07 5-5 97 13-3 
Rough-stalked meadow grass (Poa i. x. 32 2-9 8-0 5-6 1-9 26 13-4 
trivialis) 

” 9 27. vi. 33 12-0 14-0 6-2 5:3 89 13-8 13 
Timothy (Phleum pratense) 18. x. 32 0-9 27-0 1-7 1-] 7 13-8 9-7 
ChewingsHescue (Festuca rubra 26. ix. 32 7-5 6-0 6-15 1-8 73 1-] 17°8 

var lax (Hack)) 
Hard fescue (Festuca duriuscula) 29. ix. 32 4-0 99.5 6-80 5-5 a7 15-0 

” ” 29. vi. 33 8-0 9-0 5-95 4-9 65 14-6 
Red fescue (Festuca rubra) 99. ix. 32 90. 210 6-15 5-0 27 14-4 

” ” 29. vi. 32 8-0 6-0 85 4-8 17 14-2 
Tall fescue (Festuca elatior) 11. x. 32 1-4 6-6 5-75 5-0 13 13-7 

” ” 26. vi. 33 1-0 7-0 a8 1-9 40 13-( 

Meadow fescue (Festuca pratensis) 18. x. 32 0-7 32-0 3-4 2-9 7 13-8 

” - 27. vi. 33 6-0 15-0 D7 1-8 (6) 13-9 — 
Italian ryegrass (Lolium italicum) 11. x. 32 1-7 3-7 6:3 53 13 14-0 14:8 

” a 26. vi. 33 1-0 15-0 5-9 a2 15 14-1 20-5 
Perennial ryegrass (Lolium perenne) 6. xi. 33 7-0 18-1 1-6 3-8 82 12-8 21:8 
Crested dog’s tail (Cyanosurus cristatus) 18. x. 32 1-1 25-3 1-5 3-7 14 13-8 18-6 

cs e 27. vi. 33 6-0 16-0 5-25 1-5 46 14-9 16-1 

*Bent (Agrostis sp.) 35. x: 38 1-0 27-0 2-43 2-1 32 10- 14-6 
*Yorkshire fog (Holeus lanatus) 23. x. 33 2-3 20-2 3-26 —_— 41 11-8 — 
*Wild white clover (Trifolium repens) 18. x. 33 26-4 13-6 4-3 319 13-2 28-0 
*Red clover (Trifolium pratense) 23. x 33 9-3 23-7 2-4 101 12-8 24-5 
*Lucerne (Medicago sativa) 29. vi. 33 12-0 21-0 2-8 61 14-4 12-6 
*Yarrow (Achillea Millefolium) 24. x. 33 10-0 10-0 3-4 26 10-0 7°6 


* From plots which had not received a dressing of ammonium sulphate. 
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In the spring of 1932 and 1933 each plot received a heavy dressing of complete 
fertiliser, and to obtain the maximum amount of protein from a given quantity 
of grass the plots were heavily treated at appropriate intervals with 3 cwt. of 
ammonium sulphate per acre. About 8-10 days before the grass material was 
required the plots were closely cut back with a mowing machine and then 
dressed with the fertiliser. In the absence of rain the plots were watered daily, 
and when cut with the mower to provide the experimental material the blades 
stood 3-5 inches high. In the case of cocksfoot, the protein of which we are 
using for amino-acid analysis and therefore require in large amount, a second 
cutting was taken about 7 days later. After growing for another week the plots 
were again cut back (grass discarded) and treated as before with ammonium 
sulphate, when they were again ready to give two high-nitrogen crops at the 
time intervals mentioned above. Details of the samples used are given in 
Table I. For convenience the total protein-N was determined by the con- 
ventional method of Stutzer. As one of the ultimate objects of the present 
research on grasses is to determine the nutritive value of forage crops we have 
also prepared proteins from lucerne, red and white clover and yarrow. All the 
proteins described in Table I were prepared by a standard method founded on 
the principles discussed above, and the practical details will be best illustrated 
by describing a typical preparation of cocksfoot protein in some detail. 


Preparation of protein from 20 kg. of freshly cut cocksfoot. 


Some beds of cocksfoot at the Imperial College Field Station at Slough were 
cut back with a mowing machine on May 20th, 1932, and then dressed with 
3 ewt. of ammonium sulphate per acre. A first cutting (Batch R) was taken on 
May 27th and a second (Batch S), with which the present experiment is con- 
cerned, on June 3rd at 7 a.m. There was no appreciable dew, and the total 
fresh weight was 22 kg. the dry weight 13-0 % and the N 6-8 % of the dry 
weight. 

A sample of 2 kg. was immersed in 5 litres of ‘‘fresh”’ ether-water contained 
in a deep enamelled pan, and at the end of 10 minutes the pan was tilted so that 
the resulting brown liquid could be drained off from the grass. The volume of 
““used”’ ether-water thus collected was 4500 cc., the remaining 500 cc. being 
retained on the surface of the grass. In many of the experiments not recorded in 
detail in this paper the batch of grass had been cut early in the morning 
following a rainy night. In such cases the surface of the grass was already wet, 
and when a sample was treated with ‘‘fresh’’ ether-water as described above 
there was no loss on draining, showing that the loss of 500 cc. in the present case 
was due to the “‘wetting” of the surface of the blades. The cytolysed grass was 
next enclosed in thick filter-cloth, which was placed in the steel cylinder 
11 inches high and of 6 inches internal diameter belonging to a Buchner press. 
A well-fitting plunger was used to apply the maximum pressure for 4 minutes. 
The volume of expressed juice was 1400 cc. and on removal from the press the 
cylindrical cake of compressed grass was 9 cm. high. Nothing further was done 
with this sample, which had been worked up merely to provide the necessary 
“used” ether-water for the preparation of protein from the remaining 20 kg. of 
grass. 

Another sample of 2 kg. was next immersed for 10 minutes in this 4500 ce. 
of “used” ether-water. On draining off the liquid only 3100 cc. was collected, 
so that if we assume that 500 cc. were required to ‘‘wet”’ the grass the remaining 
900 cc. must have been actually taken up by the 2 kg. of grass. This enormous 
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intake of water by grass cytolysed with “used” ether-water has been commented 
on at some length above. The sample of grass was next enveloped in filter-cloth 
and pressed for 4 minutes as before. On removal from the press the cylindrical 
cake of grass residue did not remain compressed as in the previous sample, but 
the blades of grass separated slightly so that the height of the cake was 16 cm. 
as against 9cm., again emphasising the fact that ‘‘used” ether-water had 
brought about cytolysis with less internal breakdown in the leaf-cells than was 
the case with “‘fresh”’ ether-water. The residue was allowed to imbibe water for 
4 minutes and pressed as before. This operation was repeated twice more in 
order to wash away the easily diffusible contents of the cells. The final leaf 
residue was then ground to a pulp in a meat chopper with 3 litres of water, and 
the débris of cell wall material rémoved by squeezing through silk gauze. This 
débris was again treated in a similar way with a further 2 litres of water, and the 
two green colloidal extracts thus obtained were filtered with very slight suction 
on a 24cm. Biichner funnel through a well-rammed pad of paper-pulp about 
6-7 cm. thick. A clear brown protein filtrate was thus obtained. 

Meanwhile a third 2 kg. sample of grass was immersed in the 3100 cc. of 
“used” ether-water given by the previous sample, 1900 cc. of press-juice being 
added to bring the total volume to 5000 cc. The remaining eight 2 kg. samples 
of grass were also treated in a similar way at such time intervals that there was 
always sufficient green colloidal extract to permit of continuous filtration through 
two of the paper-pulp pads. In each case the volume of ‘“‘used”’ ether-water was 
made up to 5000 cc. with press-juice, and before the treatment of the 7th sample 
of grass it was reinforced by shaking with 100 cc. of ether. 

The volume of the final filtrate was 47-3 litres, and 580 cc. of 2-04.N HCl were 
required to precipitate the protein at its isoelectric point. After standing over- 
night the supernatant liquid was syphoned off and the protein coagulated by 
heating on a water-bath. It filtered readily at the pump, and was purified 
by extracting once with boiling water, then boiling 5 times successively with 
95 % alcohol and finally once with absolute alcohol. The weight of the moisture- 
free protein was 245 g., and it contained 13-9 % of N and 0-9 % of ash. The N, 
ash-free, was 14-0 %. As only 20kg. of the batch of grass had been used to 
prepare the protein this yield represents 9-3 % of the total dry weight of the 
grass, 19-1 % of the total grass-N and 23-0 % of the total protein-N. These 
figures are twice as great as those obtained from spinach by the original ether 
method of preparation [Chibnall, 1924] and from cocksfoot in previous experi- 
ments with ether-water [Miller and Chibnall, 1932]. 


DISCUSSION. 

When the green colloidal extract referred to in the previous section was 
filtered through paper-pulp practically the whole of the protein passed through 
into the filtrate, very little being retained with the green fatty material on the 
paper-pad. We have always found this to be the case with the new modified 
ether-water method of preparation, whereas in the original experiments with 
ether [Chibnall and Grover, 1926] about one half of the protein was retained on 
the paper-pad. In former papers this fraction, which could not be readily 
separated from the fatty material, was referred to for convenience as the 
“combined” protein, while that which passed freely through the filter was 
referred to as the “soluble” protein. An extended research which has been made 
into the fatty materials present in leaves does not suggest that any true chemical 
combination can exist between the fats or phosphatides and the proteins, and 
we now believe that the “‘combined”’ protein previously obtained with ether or 
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“fresh”’ ether-water was simply a fraction of the “‘soluble”’ protein which had 
undergone partial dehydration or denaturation. It appears to us therefore that 
we have now reached a stage in the investigation of leaf proteins when such 
arbitrary distinctions as “‘combined”’ and ‘“‘soluble”’ proteins have become 
unnecessary, and we have accordingly discontinued their use in this paper. 

In comparing the yields of protein from various grasses given in Table | 
with that of spinach, the most successful preparation made by the old ether 
method, it is to be remembered that the object of the present research was to 
prepare the grass proteins as readily as possible in amount sufficient for analysis. 
The cells of spinach leaves have very thin walls and are readily disintegrated in 
a meat chopper or mill to give a maximum yield of protein. Blades of grass on 
the contrary have thick, more fibrous, cell walls, and the great labour involved in 
the grinding operations of a large scale preparation precludes any attempt being 
made to obtain maximum disintegration of the cells. Were this possible we believe 
that yields of 50 °% or more of the total leaf protein could be readily obtained. 

The protein of the grass residues is retained in unopened cells, and there 
seem to us no valid grounds for assuming that it differs in any way in composi- 
tion from that which we obtain from the cells which have actually been torn 
open. We feel justified in claiming therefore that our protein preparations are 
representative of the whole protein of the leaf, and we shall interpret the results 
of our amino-acid analyses accordingly. But as we have repeatedly emphasised 
in previous papers there is as yet no evidence to show whether the preparations 
which we obtain from leaves consist of one particular protein, or whether they 
are mixtures of several proteins having similar physical properties. 

The properties of the grass proteins are similar to those of the numerous 
other leaf proteins described by Chibnall and Grover [1926]. The impurity 
discussed at some length by Miller and Chibnall [1932] is present in all the new 
preparations; as a general rule we find that proteins with a high N content are 
obtained from young nitrogen-treated grass having a high protein content and 
low total dry weight, emphasising the view already expressed that the impurity 
is merely an adulterant with similar solubilities to those of the proteins. 


SUMMARY. 

The ether-water method for preparing the proteins of leaves has been 
modified, and excellent yields of protein have been obtained from several pure 
strain grasses and certain forage crops. 

The essential point is that the ether-water must have been used at least once 
before to cytolyse an appropriate amount of leaf material. This extraordinary 
difference in action between “fresh”? and ‘‘used”’ ether water is discussed in 
some detail. 


We should like to record our thanks to Prof. V. H. Blackman for many 
interesting discussions during the course of this work, to the Imperial Chemical 
Industries for a grant to cover the cost of this research, and to Mr G. E. Blackman 
of Jealott’s Hill Research Station for the supply of pure-strain grasses. 
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[ny a previous paper [Chibnall e¢ al., 1931] dealing with the metabolism of paraffins 
in the plant the need for gaining some insight into the constitution of the mixed 
primary alcohols which invariably accompany them in plant waxes was empha- 
sised. We have investigated many such mixed alcohols during the last five years, 
but definite evidence of their constitution was at first difficult to obtain because 
their components—higher primary alcohols containing 26 to 36 carbon atoms— 
had not then been synthesised, so that accurate standards for comparison, based 
on melting-points and crystal spacings, not only of these alcohols themselves, 
but also of the corresponding acetates, n-fatty acids and ethyl esters, were not 
available. Much of our work on plant waxes has therefore been deliberately held 
back pending the possible isolation from certain of them of the unknown primary 
alcohols in a state of unquestionable purity. 

Since the work was in progress n-octacosanol, n-octacosanoic acid and 
n-triacontanoic acid have been synthesised by Bleyberg and Ulrich [1931] and 
n-triacontanoic acid by Mrs Robinson. 

The preparation of pure n-hexacosanol from the wax of cocksfoot has already 
been described [ Pollard et al., 1931]. The presence of this alcohol, M.p. 79-8°, was 
readily recognised by the fact that on oxidation it gave an acid which melted 
at 87-9°, i.e. over 8° higher than the alcohol itself, whereas the mixed primary 
alcohols which usually occur in waxes give on oxidation acids melting only 
2-3° higher, owing to the fact that mixtures of n-fatty acids exhibit melting- 
points depressed many degrees. It was to be expected that this large difference 
of about 8° between the melting-points of an alcohol and its corresponding acid 
would hold for the longer-chain primary alcohols for which we were seeking; 
accordingly we have oxidised a sample of every wax primary alcohol isolated in 
this laboratory with the hope of finding other cases in which the correspond- 
ing acid melted some 8° higher than the alcohol itself. In this we have been 
more successful than we had dared to hope, and have been able to prepare 
samples of n-octacosanol, n-triacontanol and n-tetratriacontanol whose purity 
can be vouched for by data obtained from the derived paraffins. From these 
alcohols we have been able to obtain the corresponding acetates, n-fatty acids 
and ethyl esters and also similar products containing one more carbon atom. 
Data concerning the melting-points and crystal spacings of all these substances, 
and of mixtures of known composition, are fully discussed in another paper. 


' The melting-points recorded in this paper were obtained by the method described by 


Piper et al. [1931] and are corrected. 
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The present paper describes the preparation of n-triacontanol from the leaf 
wax of lucerne (Medicago sativa). This wax was first investigated at an early 
stage in our research when we were seeking for possible sources of ketones 
corresponding to the 15-nonacosanone isolated by Channon and Chibnall [1929]. 
Jacobson [1911; 1912] claimed to have obtained two ketones, myristone, 
C,,H,,0, and alfalfone, C,,H,,0, from lucerne (alfalfa) hay. We were unable to 
substantiate the findings of Jacobson, however, as our analysis showed that the 
wax was made up of fatty acids, a primary alcohol and a small amount of mixed 
paraffin. It was not until a later stage in our research that steps were taken to 
determine the constitution of this primary alcohol, and it is for this reason that the 
yield of pure n-triacontanol finally obtained falls short of the maximum amount 
present in the wax. 

EXPERIMENTAL. 


The lucerne was cut about one foot above ground, so that the sample 
(53 kg.) consisted chiefly of leaf material. The wax was prepared and saponified 
in a similar way to that described by Pollard et al. [1931] for the products from 
cocksfoot. The gross weight of wax was 49 g., equivalent to 15 % of the ether 
extract and 0:35 % of the dry weight of the lucerne; from it were obtained 10 g. 
of fatty acids whic h were not further characterised and 36 g. of unsaponifiable 
material. The constituents of the latter were then separated by the phthalate 
method of Chibnall et al. [1931]. 

Primary alcohol. 23 g. of unsaponifiable material gave 22-6 g. of insoluble 
sodium salt of a primary alkyl phthalate, which was thoroughly washed in the 
usual way with alcohol and ether. On hydrolysis with sodium ethoxide in 
benzene-alcohol it gave 18 g. of crude primary alcohol, M.p. 85°. 10 g. of this 
product were dissolved in boiling absolute alcohol, clarified with charcoal and 
the product which separated on cooling again treated twice successively in the 
same way. The white crystalline material thus obtained was recrystallised twice 
from one litre of boiling alcohol and then repeatedly from benzene-alcohol and 
acetone. The yield was 5g.; M.P. 85-6—-85-8°. On oxidation it gave an acid, 
M.P. 92-7—93-0°, with a crystal spacing (Series B. 164) of 71-5 A., and on reduction 
via the iodide and treatment with light petroleum a paraffin M.P. 65-6—65-8° with 
a crystal spacing (Series B. 184) of 35-4 A. This latter spacing, corresponding to 
the C form of n-triacontane, suggested that the paraffin must be fairly pure, 
showing that the primary alc ohol was n-triacontanol. To effect if possible further 
purification the remainder of the alcohol was converted in the usual way with 
acetic anhydride into the acetate, which was then extracted repeatedly with 
cold light petroleum. The products thus obtained all melted within the limits 
68-5—-68-8". 

The alcohol recovered from the acetate crystallised from ethyl alcohol 
in rhombic plates with sharp angles and edges. 0-35 g. was recrystallised 
twice from 200 cc. of acetone at 37°. The melting-point was then constant at 
86-3-86-5°, and the crystals gave a very good X-ray photograph (Series B. 259) 
showing 13 orders in the B or short form measuring 66:53 A. A sample was 
reduced via the iodide (M.P. 63-8-64-2°) to the paraffin, which was treated in the 
usual way with sulphuric acid at 130°. The product thus obtained was extracted 
three times at room temperature with light petroleum (B.p.<40°). As is usual 
with paraffins prepared from long-chain alkyl iodides in this way a very small 
insoluble residue remained. The extracted material was recrystallised from 
benzene-alcohol. The melting- and setting-points, transition temperatures and 
crystal spacings are given in Table I, the corresponding data for n-triacontane 

















CONSTITUENTS OF LUCERNE WAX 


Table I. Paraffin obtained from lucerne alcohol. 


Transition Transition Crystal 
point on point on spacing in A. 
Series no. heating M.P. SP. cooling C form 
B. 226 60-2—-60-6 65-6-8 65-4 58-8 35-46 
Interpolated data About 61° 65-6-8° 65-4 58-8 35-5 


being obtained by interpolation from those of a series of synthetic paraffins 
examined by Piper et al. [1931]. From the discussions given in that paper there 
is, no doubt that the paraffin obtained from the lucerne alcohol contains much 
less than 1 % impurity, so that the alcohol can be considered a pure sample of 
n-triacontanol. 

Oxidation of the alcohol (1 g.) with chromium trioxide and glacial acetic 
acid [ Pollard et al., 1931] gave n-triacontanoic acid, which was recrystallised three 
times at room temperature from acetone. The yield was 0-8 g. and the m.P. 92-6— 
93-0°. Three recrystallisations from 450 cc. of acetone at 37° gave the pure acid, 
of M.P. 93-6-93-9° and s.P. 93-1°. 

Since this work was completed Mrs G. M. Robinson has kindly placed at our 
disposal a sample of synthetic n-triacontanoic acid!. This melted at 93-7—94 
by the method used in this laboratory. Both acids gave excellent X-ray photo- 
graphs in the B form (Series B. 238, 235) measuring 71-4 A., with no trace of 
the C form, showing that they were pure. Bleyberg and Ulrich [1931] give the 
M.P. of their synthetic acid as 91-9-92-1°. 

Paraffin fraction. After removal of the insoluble sodium salts of the primary 
alkyl phthalate in the usual way the residual material was taken up in boiling 
alcohol. On cooling 1-2 g. of impure paraffin crystallised out. As no appreciable 
amount of material representing sodium salts of secondary alkyl phthalates 
remained in the mother-liquor, the crude paraffin was next treated with 
hydroxylamine, but no ketoxime could be separated by the methods employed 
by Sahai and Chibnall [1932]. These two operations show conclusively that the 
lucerne wax contains neither secondary alcohols nor ketones. The crude 
paraffin was then treated with sulphuric acid at 130° until no further darkening 
of the acid occurred. The resulting product melted at 65-4-65-6° which is close 
to the m.p. of n-triacontane. Three simple extractions with cold petroleum 
(B.P. < 40°) separated it into fractions whose transition temperatures and melting- 
points (Table Il) show that they are complex mixtures. 


Table Il. Fractionation of the naturally occurring paraffin, u.p. 65-6°, 
isolated from licerne. 


Fraction Heating transition- Cooling transition- 
no. point M.P. 8.P. point 
l 56-5-57-2° 64-9-65-1° 64-7° 55-2 
2 57-7-58-3° 65-4-65-6 65-3° 56-2 
3 58-4—58-9° 66-0-66-2° 65°8 56-8 


The lucerne wax therefore consists of fatty acids, n-triacontanol and a 
mixture of paraffins whose mean molecular weight corresponds to that of 
n-triacontane. Jacobson [1911; 1912] extracted lucerne (alfalfa) hay with hot 
alcohol, filtered, evaporated the extract to dryness and took up the residue with 
ether. On concentration the ethereal solution deposited material which was 
recrystallised repeatedly from ethyl alcohol, chloroform and methyl alcohol. 

! Unpublished work. The n-triacontanoic acid was obtained by reduction of 13-ketotriacon- 
tanoic acid, synthesised from ethyl 11-bromoundecoate, ethyl acetoacetate and stearyl chloride 
by the method outlined in a previous paper [Robinson, 1930]. 
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The product thus obtained, melted at 76-5-77° and represented 0-23 % of the 
hay. Portions of 0-5-0-8 g. were then treated on the water-bath for 12-15 hours 
with nitric acid (sp. gr. 1-104), which clarified the material with a loss of only 
2-8 % by weight. The waxy cake thus obtained was extracted with hot acetone. 
The insoluble residue melted at 88-5—88-8° and was soluble in hot chloroform and 
carbon disulphide. It appeared to give no acetate with acetic anhydride and no 
acid on oxidation with chromium trioxide in sulphuric acid. It was therefore 
considered to be a ketone C,,H,,0 and given the name “alfalfone.’’ No evidence 
for the presence of a keto-group was obtained, other than that on reduction 
with excess of sodium in alcohol, a product melting at 86-3-86-5° was formed. 
The material extracted by the hot acetone mentioned above separated as a white 
voluminous precipitate on cooling. It softened at 68° and melted over the range 
74-77°. Because this also did not appear to react with acetic anhydride or 
chromium trioxide in sulphuric acid it was considered to be a ketone, and from 
its melting-point was identified as myristone C,,H;,0. On reduction with 
excess of sodium in alcohol it was stated to give an alcohol which softened at 
72°, gave a clear meniscus at 80° and became transparent at 86°. As wax esters 
of long chain primary alcohols and m-acids are saponified only with great 
difficulty by hot mineral acid there is no doubt that Jacobson’s “‘alfalfone” and 
‘‘myristone”’ consisted of unsaponified wax esters of n-triacontanol mixed with 
paraffins, and that the change in melting-point on the assumed reduction with 
sodium was due to the saponification of these waxes by the sodium ethoxide 
produced during the reaction. There is no doubt also that the alcohol C,)H,,0 
(m.P. 80°, B.P. 395°) isolated by Etard [1892] from lucerne leaves, and named by 
him “‘medicagol”’ was a mixture of n-triacontanol and paraffin. We shall deal 
in a later paper with the constitution of “‘myricyl” or “melissyl”’ alcohol, which 
has been considered by various workers to be either n-triacontanol or n-hentria- 
contanol. 
SUMMARY. 

The principal component of the wax from lucerne leaves is a long-chain 
primary alcohol (M.P. 86-3-86-5°) which has been identified as n-triacontanol by 
reduction to n-triacontane (M.P. 65-6—65-8°) and by oxidation to n-triacontanoic 
acid (M.P. 93-6-93-9°). The purity of all three products has been confirmed by 
X-ray analysis. 

The wax also contains mixed fatty acids, the composition of which has not 
been determined, and a paraffin, M.P. 65-6° which has been shown to be a com- 
plex mixture. No ketone is present, and it is suggested that the “‘myristone”’ 
and “‘alfalfone” of Jacobson [1911, 1912] were unsaponified wax. 


In conclusion we should like to thank Mrs G. M. Robinson for a sample of 


sy nthetic n-triacontanoic acid. 
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In continuation of the research dealing with the attempted isolation of the 
longer-chain primary alcohol constituents of waxes, an account is now given of 
the preparation from the blades of wheat (T'riticum vulgare), of n-octacosanol. 

Purification of the alcohol so that it could be used as a standard for our 
X-ray and m.p. data has proved extremely troublesome but was eventually 
effected in quite a simple way by repeated recrystallisation at 37° from acetone. 
An account, however, of some of our earlier abortive attempts at purification is 
given in some detail, not only because the methods employed have been used by 
other workers whose results we shall have occasion to criticise in later papers, 
but also because they illustrate very clearly the significance of the “heating 
transition temperature” in judging the purity of a paraffin and hence of the 
alcohol from which it has been derived. In the present case it has been possible 
to show quite definitely that the n-octacosanol when first isolated from the wax 
contains not more than about 1 % of impurity, consisting of at least three other 
alcohols. 

EXPERIMENTAL. 


Preparation and treatment of the wax. Young wheat at the stage just before 
the appearance of ears was cut about one foot above ground, and the blades air- 
dried in a room at 40°. The dried and powdered material (14 kg.) was extracted 
with ether, and from the material thus obtained (400 g.) the crude wax (62 g.) 
was prepared by the method of Pollard e¢ al. [1931]. The yield was therefore 
15-5 % of the ether extract or 0-44 % of the dried wheat. On saponification the 
wax gave 40 g. of unsaponifiable material, which was a hard yellow wax, 12-4 g. 
of crude fatty acids and some amorphous material which appeared to consist 
chiefly of chlorophyll degradation products. 

As a preliminary experiment had shown that the unsaponifiable wax when 
treated by the phthalate method of Chibnall e¢ al. [1931] gave only a primary 
alcohol M.p. 82-83° and a small amount of paraffin, secondary alcohols and 
ketones being absent, the main bulk of the material was treated in the following 
way to obviate the labour and losses which always attend the phthalate treat- 
ment. The material was dissolved in warm chloroform which was poured into a 
dish and left exposed to the air. On evaporation of the solvent a yellow friable 
powder was obtained, which was then shaken for ten minutes at room tempera- 
ture with light petroleum (B.P. 40—60°). Twelve successive extractions removed 

‘ The melting-points recorded in this paper were obtained by the method described by 
Piper et al. [1931] and are corrected. 
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all material (10 g.) readily soluble in this solvent, leaving 30 g. of insoluble crude 
primary alcohol. 

Constitution of the primary alcohol. The crude primary alcohol was crystallised 
from carbon disulphide to remove the last traces of paraffin, giving 26-6 g. of 
white granular crystalline powder, M.p. 82-82-5°. 26g. were acetylated by 
boiling gently for 16 hours with acetic anhydride (200 cc.) and fused sodium 
acetate (20 g.). The dark brown solution was poured into water and crushed ice 
and the mixture stirred for 15 minutes. The brown powder was collected, again 
stirred with iced water and finally dissolved in benzene-methyl alcohol, leaving 
a tarry residue. From the solution (charcoal) 27-5 g. of crystalline acetate were 
obtained, m.p. 63-64°. This material was fractionally distilled in vacuo from a 
Willstatter flask of 100 cc. capacity. The temperature of the metal-bath was 
about 280° and several fractions were collected at 185-195°/0-03 mm., the 
melting-points of which ranged from 63-5° to 64-5°. The higher-melting fractions 
were then collected and redistilled. This operation was repeated many times, but 
m each case the first two or three fractions melted below 64°. It was then found 
thatif these lower-melting fractions were recrystallised twice from light petroleum 
(B.p.<40°) the melting-point in each case rose to 64-4-64-6° suggesting that at 
the bath temperature necessary to distil the acetate a small amount of decomposi- 
tion had occurred, with the formation of acetic acid and of A!-octacosene, which 
would be very soluble in cold petroleum. The distillation products were finally 
collected into four fractions, as shown in Table I, fraction 1 consisting of the 


Table 1. Fractionation of the wheat alcohol acetate. 


Acetate 
~ - Alcohol Paraffin Acid 
Fraction no. Wt. (g.) M.P. (° C.) M.P. (° C.) M.P. (° C.) M.P. (° C.) 
] 4-] 64-4—64-6 $2-6-82-9 61-3-61-5 90-1-90-5 
2 5:7 64-4—64-6 82-6-82-9 61-3-61-5 
3 8-5 64-3—-64-6 $2-6—-82-9 61-3-61-5 90-0—90-5 
4 6-7 64-8-65-0 $2-2-82-7 61-6-61-8 88-7-89-2 


original low-melting samples which as mentioned above had been subsequently 
recrystallised from light petroleum. The corresponding alcohols were recovered 
by saponification and were recrystallised repeatedly from acetone and benzene- 
alcohol until the melting-points were constant. 

Fractions 1 to 3 all melted at 82-6—82-9° suggesting that they were of 
uniform composition, whereas fraction 4, from the undistilled residue melted 
slightly lower, at 82-2-82-7°. The X-ray photograph of fraction 2 gave (Series 
B. 214) seven orders measuring 62-0 A. and of fraction 3 (Series B. 160) 11 orders 
measuring 62-24 A. with faint upper spacings measuring 75-46 A. These results 
suggested that fractions 1-3 were practically pure n-octacosanol, and that the 
residue (4) contained a small amount of higher homologues. 

A sample of each alcohol was then reduced via the iodide to the paraffin 
| Pollard et al., 1931], which was treated with sulphuric acid at 130° until no 
further darkening of the acid occurred. After washing with water and crystallisa- 
tion from benzene-alcohol, the resulting product was extracted with cold light 
petroleum (B.P. 40-60°). As is usually the case with paraffins prepared from long- 
chain alkyl iodides in this way a very small amount of white amorphous material 
remained insoluble. The light petroleum was removed by evaporation and the 
paraffin crystallised from benzene-alcohol. 
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The melting- and setting-points and transition temperatures of the four 
. . . y cg . ° ° . 
paraffins are given in Tables I and II. It will be seen that the distilled frac- 
tions (1-3) have melting- and setting-points identical with — synthetic 
n-octacosane, but that the transition temperatures on heating are 2-3° lower. 


Table II. 


Cooling 











Heating transi- Crystal — 
transition- tion- in / Orders 
point M.P. S.P. point — *—_____- mea- 
Fraction no. T's a °C. Series no. A C sured 
l 61-3-61-5 61-1 53-4 -— — 
2 61-3-61-5 61-1 53-4 _- -- ~— = 
3 61-3-61-5 61-1 53-3 B. 162 37-6 5 
4 53-6-54-0 61-5-61-7 61:3 52-1 — — = 
38a 54-6-55-0 61-3-61-5 61-1 53-2 3. 189 37-79 7 
3b 54- 61-3-61-5 61-1 — B. 190 37-79 — 7 
3c 61-3-61-5 61-1 — B. 191 37-74 — 8 
3d 61-3-61-5 61-1 53-3 B. 200 — 33-16 — 
5 61-3-61-5 61-1 54-0 B. 261 ~ 15 
Synthetic C.,H;. 61-3-61-5 61-1 54-0 C. 114 — 3 8 
90 % CogH5g +5 % CogHs4 +5 20 CooEles " 61-3-61-5 61-2 — B. 70 38-0 _ 5 
98 ¥¢ poles +1 Zo Cogs 114 % Coole 61-3-61-5 61-1 53-3 B. 168 — 33-25 6 
1‘ o (E iquimol ar 55-0-55-5 61-3-61-5 61-1 53-4 B. 212 37-9 — 8 
tC cally +E Hee) 
egHsg +2 % above triple mixture 54-0-55-0 61-3-61-6 61-1 53-0 3. 213 37-7 — 5 


To obtain if possible a purer sample of n-octacosanol the alcohol fraction 3 
was passed through the phthalate treatment to remove any trace of secondary 
alcohol, ketone or naturally occurring paraffin. The M.P. of the resulting alc ohol 
however was unchanged, but the X-ray photograph (Series B. 192) showed 9 
orders in the short form, measuring 62-58 A. with no trace of the longer form, 
which only appears at room temperature if impurity is present or when the 
temperature is kept above the transition-point. The derived paraffin had the 
same M.P., S.P. and transition temperatures as before. The latter was accordingly 
fractionated by means of cold light petroleum, but the three fractions finally 
collected (3a, 3b, 3c) showed no improvement in transition temperatures, and 
all gave crystal spacings (Series B. 189-191) in the A form, 37-8 A. and were 
therefore impure. They were therefore united and distilled in vacuo. Data 
concerning the material thus obtained are given in Table II, 3d. It will be seen 
that there is an improvement of only 0-5° in the transition temperature, but that 
the crystal spacing now appears in the short, C form, indicating that some 
contamination had been removed. 

Now this persistently low transition temperature for the paraffin and the 
difficulty of obtaining the crystal o in the short form might suggest—from 
the data for mixtures of CogHsy and C,,H;. given in a former _— [Piper e¢ al., 
1931]—that the paraffin was C,,H;, with either 10 % of ¢ aes, or 5 % of Cy pH¢o 


but the melting-point definitely excludes such a possibility. ( ore with 1 % of 
both C,,H;, and C,)H¢. gives too high a transition temperature. on ‘he ating and a 


good X-ray picture in the short form. On the other hand 5 % of each of these 


latter paraffins gives a close approximation to the paraffin from the wheat 
alcohol. This result was extremely puzzling for during a prolonged fractionation 
of the derived paraffin referred to above we were unable to effect any displace- 
ment of the m.p. and s.P., each fraction, when melted alongside a sample of 
synthetic n-octacosane, giving parallel melting- = setting-points. Yet the 
transition temperature on heating was always about 2° lower than that of the 
synthetic paraffin. Had there been 5 %, or even 2 % of impurity in the form of 
homologues present in this paraffin our experience leads us to believe that we 
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could have readily obtained a shift in the melting-point by fractionation with 
cold petroleum. 

To check the transition temperature of our synthetic n-octacosane we com- 
pared it with a second sample prepared from highly pure n-tetradecyl iodide by 
the method of Backmann and Clark [1927]. In a former paper [Piper e¢ al., 1931] 
this sample was stated to have the correct M.P. and s.P. but to give an inferior 
X-ray picture. We have since found that the material can be readily purified by 
extraction at room temperature with low-boiling petroleum, which separates a 
small amount of insoluble impurity. This new paraffin gave an X-ray picture 
with 8 orders and a spacing of 33-27 A. (Series B. 211) and had the same transition 
temperature on heating (57—57-4°) as the earlier sample of n-octacosane. 

The X-ray pictures of all the samples of paraffin from the wheat alcohol were 
so unlike any of those of any even number paraffin containing a small amount 
of one or two other paraffins which we had yet made, that we decided to prepare 
some mixtures containing small amounts of three other paraffins, e.g. C.gH;, with 
1 % and with 2 % of an equimolar mixture of C,,H;,, Cs9H,g2 and C,.H,g,. Data 
for the melting-points, transition temperatures and crystal spacings are given in 
Table II. Only 5 poor orders in the long form were given in both cases, and the 
picture given by the 1 % mixture approached nearest to, but was markedly 
inferior to, those given by the paraffin fractions from the wheat alcohol. The 
transition temperature on heating was not easily observed, but was definitely 
lower than that of the latter paraffins. Our investigation of the paraffins derived 
from fractions 1 to 3 of the wheat alcohol therefore suggested that they are 
n-octacosane with less than 1 % impurity made up of at least three other paraffins, 
and that consequently the alcohol was n-octacosanol with less than 1 % admix- 
ture of three other alcohols. 

Much material and labour were expended in trying to obtain this alcohol 
chemically pure by repeated fractionation from the usual mixed solvents. The 
M.P. remained constant at 82-7-83°, and the heating transition temperature of 
the derived paraffin about 2-3° low. Furthermore the acid given on oxidation, 
which melted at 90-3-90-5°, gave an X-ray photograph (Series B. 236) with 
11 orders in the B form measuring 66-73 A. and 9 orders in the C form measuring 
60-46 A., whereas the data which we were slowly accumulating for the higher 
n-fatty acids suggested that a really pure acid should give only the B form. 

Purification of the alcohol was finally effected quite simply by repeated 
recrystallisation from relatively large volumes of acetone, not at room tempera- 
ture, which had been our usual procedure with this and other solvents, but at 
37° in an incubator. 2 g. of the alcohol, M.P. 82-7-83°, were recrystallised three 
times in this way from 800 cc. of acetone. The yield was 0-8 g., and M.P. 83-2- 
83-4°, unchanged on further treatment. The X-ray photograph (Series B. 256) 
showed 30 orders in the B form measuring 62-15 A.! The paraffin prepared via 
the iodide (M.p. 60-8—61-2°) had the correct transition temperature (57—57-4°) as 
shown in Table II (fraction 5) and gave an excellent X-ray photograph with 
15 orders in the low or C form measuring 33-21 A. It was a highly pure sample 
of n-octacosane, showing that the purification of the alcohol had been effective. 
Oxidation of the alcohol with chromium trioxide in glacial acetic acid [Pollard 
et al., 1931] gave n-octacosanoic acid, M.P. 90-6—90-9°. Crystallisation at 37° from 
a large volume of acetone raised the M.P. to 90-8-91-1°, unchanged on further 

It is known that a pure long-chain compound of n carbon atoms usually gives very strong 
reflections in the nth and (n+2)th orders. The X-ray technique has been modified during this 
work to allow measurement of these high orders, and an improved accuracy in the spacings has 


thus been obtained. 
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treatment. The cry stal spacing (Series B. 262) was in the B form only, up to 
30 orders measuring 66-76 A. The ethyl ester was purified by distillation ( (155— 
165°/0-07 mm.) and melted at 64-3-64-5°, Bleyberg and Ulrich [1931] give the 
M.P. of their synthetic n-octacosanoic acid as 90-3—-90-5° and of the ethyl ester as 
64-8-65°. We shall deal in a later paper with the constitution of “montanyl” 
alcohol, which has been considered by various workers to be either n-octacosanol 
or 2-nonacosanol. 

Naturally occurring wheat paraffin. The 10 g. of material which were fairly 
readily removed from the unsaponifiable portion of the wax by means of light 
petroleum were dissolved in warm carbon disulphide. 2-2 g. of crude primary 
alcohol, M.P. 81—82° crystallised out on cooling. The mother-liquor was taken 
to dryness and rec rystallised from benzene- alcohol and acetone. 2-6 g. of white 
cry stalline material were then obtained which were shown to be free from 
ale ohols and ketones by appropriate treatment. This substance melted at 
65-65-5°, and after treatment with sulphuric acid in the usual way 1-7 g. gave 
1-4g. of paraffin melting at 65-5-66°. As was pointed out in a previous paper 
{Pollard et al., 1931] dealing with the wax fraction of ryegrass, which contained a 
paraffin with a similar M.P., earlier workers have considered such paraffins to be 
n-triacontane. As in the case of ryegrass the wheat paraffin was shown without 
difficulty by fractionation with light petroleum to be a complex mixture whose 
composition cannot at present be suggested (Table ITI). 


Table III. Fractionation of the paraffin, u.p. 66°, isolated from wheat. 


Heating transition Number of 

point M.P. Crystal spacing order of 

Series no. =e. = A. reflection 
B. 179 49 -50 61 -61-5 38-9 4 
B. 178 51-5-52-5 62-8-63-3 39-6 6 
B. 177 54 -55 64-5-65-0 40-6 6 
B. 176 58 -59 65-2-65-7 41-1 6 
B. 175 59 -60 67 -67-5 43-0 5 

SUMMARY. 


The principal component of the wax from blades of young wheat is a long- 
chain primary alcohol which has been identified as n-octacosanol (M.P. 83-2- 
83-4°) by reduction to n-octacosane (M.P. 61-3-61-:5°) and by oxidation to 
n-octacosanoic acid (M.P. 90-8—-91-1°), The purity of all three products has been 
confirmed by X-ray analysis. 

The wax also contains mixed fatty acids, the composition of which has not 
yet been determined, and a paraffin, M.P. 66°, which has been shown to be a 
complex mixture. 


We should like to record our thanks to the Imperial Chemical Industries for 
a grant to cover the cost of this research, and their Staff at Jealott’s Hill 
Research Station, Bracknell, for the supply of young wheat blades. 
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CCLIX. THE EFFECT OF ENZYMES ON THE 
PATHOGENICITY OF THE ROUS AND 
FUJINAMI TUMOUR VIRUSES. 


By ANTOINETTE PIRIE. 
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(Received November 2nd, 1933.) 


Tue effect of various enzymes on the pathological action of viruses has been 
investigated frequently. Glover [1931] found that trypsin had no effect on the 
virulence of contagious pustular dermatitis of sheep, Woodruff and Goodpasture 
[1929] obtained the Bollinger bodies of fowl pox in an active state by tryptic 
digestion of the tissue, and Jojkin and Vinson [1931] have found the virus of 
tobacco mosaic resistant to emulsin, pepsin and yeast extract, while it was 
inactivated by trypsin, pancreatin and papain. Fresh untreated tobacco juice 
was not affected by any enzyme. Wollmann [1925] found both trypsin-resistant 
and trypsin-sensitive phages, and Arnold and Weiss [1926] found that a phage 
was present in commercial pancreas preparations and that one phage was 
resistant to 4 % trypsin. Hirano [1931] carried out experiments with vaccinia 
and found that takadiastase and a commercial preparation of trypsin had no 
effect on the activity of the virus. He found that a fresh glycerol extract of 
pancreas inactivated it and concluded that lipase was the enzyme responsible. 
A low py of itself inactivated vaccinia so that the action of pepsin could not be 
investigated. Baker and McIntosh [1927] were able to inactivate the virus of the 
tous sarcoma by treatment at p,, 8-0 with a commercial trypsin preparation. 
At py, 6-0 they found that the same preparation had an activating effect on the 
virus. Sugiura [1932] also found that pepsin and trypsin inactivated the virus 
of the Rous sarcoma while takadiastase, Soy bean urease and castor oil bean 
lipase did not. He therefore concluded that the proteolytic enzymes were respon- 
sible for the inactivation. On the other hand Frankel [1931] obtained tumours 
with trypsinised Rous cells and filtrates. In those experiments in which the 
source of the enzyme used has been stated it has always been a commercial 
preparation. Since these are mixtures, the results obtained by their use cannot be 
used to draw conclusions on the chemical nature of the virus in question. It is 
only by the use of separate enzymes that their true effects on the virus can be 
studied. In a previous paper [1931] I reported that the virus of the Rous 
Sarcoma No. 1 could be purified by adsorption until the infective dose contained 
only a very small amount of nitrogen. Similar results were obtained by Masch- 
mann [1931] and by Lewis [1931]. The latter considered that the Rous virus 
could be obtained free from protein by this method. In an attempt to decide 
whether this was really so and if the nitrogen that remained in the purest 
preparations of virus obtainable by this method was then either extraneous to 
the virus or else peptide-nitrogen, I have investigated the action of separate 
proteolytic and other enzymes on the activity of the virus. I considered that if 
I found that the activity of the virus was not affected by any proteolytic enzymes 
I could draw no conclusions from the result, since it would be possible for the 
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virus protein to be quite resistant to their action; if, on the other hand, the virus 
was inactivated by a proteolytic enzyme, then the conclusion might be drawn 
that a protein or peptide was a constituent of the virus itself. Since Baker and 
McIntosh and Sugiura found that the virus was inactivated by trypsin mixtures 
I first investigated the action of Merck’s pancreatin upon it. 


Preparation of separate enzymes. 


The method of separation of the enzymes in pancreatin has been described 
by Willstatter and his collaborators. They are conveniently summarised in 
Grassmann’s book [1928] and the technique described there has always been 
followed. The preparation and estimation of the carboxypeptidase is described 
by Waldschmidt-Leitz [1929]. The sample of Merck’s pancreatin which has been 
used contains an active protease, carboxypeptidase, amylase and lipase, but no 
aminopeptidase or dipeptidase. Waldschmidt-Leitz and Schaffner [1926] found 
that these latter enzymes were destroyed by treatment with acetone and ether. 
It is possible that these enzymes were destroyed during the preparation of 
pancreatin since acetone and ether are often used in drying the pancreas. 


Estimation of enzymic activity. 

Protease. 1-0 cc. of enzyme and 3-0 ce. of 5% caseinogen (B.D.H.) were incubated at py, 8-0 
for 30 minutes at 37°. The increase in amino-groups was measured by formaldehyde titration 
with V/10 NaOH using phenolphthalein as an indicator. An unincubated mixture was titrated as 
a control. 

Carboxypeptidase. The activity of the carboxypeptidase was tested by measuring the hydro- 
lysis of chloroacetyltyrosine. 1-0 cc. of enzyme plus 1-0 cc. (sometimes 5-0 cc.) of 0-01 M substrate 
were incubated at p;, 7-2 for 30 minutes at 37°. The increase in formaldehyde titration was 
measured with N/10 NaOH using bromothymol blue as an indicator. 

Aminopeptidase. The activity of the aminopeptidase was tested by measuring the hydrolysis 
of leucylglycylglycine. 

Dipeptidase. The activity of the dipeptidase was tested by measuring the hydrolysis of 
glyeylglycine. 

Amylase. 1-0 cc. or less of the enzyme was incubated with 2-0 ce. of soluble starch and the 
achromic point was noted using iodine as an external indicator. 

Lipase. 1-0 cc. of enzyme and 5-0ce. of olive oil emulsion at py 8-0 were incubated for 
30 minutes at 37°, and the increase in fatty acids was estimated by titration with V/10 NaOH in 
the presence of alcohol. Phenolphthalein was used as an indicator. The control was an incubated 
mixture of boiled enzyme and oil. 

Papain. The time of liquefaction of 5-0 ce. of 6-0,.°% gelatin by 1-0 cc. of enzyme was found. 


The effect of enzymes on the agents of the Rous and Fujinami tumours. 


The tumour filtrates were all made by filtration through paper-pulp and sand 
according to the method of Gye and Andrewes [1926]. In all experiments, unless 
it is otherwise stated, equal volumes of the enzyme solution and of the tumour 
filtrate were mixed and incubated at 37° for two hours, and the mixture was then 
injected into chickens in 1-0 ce. or 0-5 ec. doses. The controls were mixtures of 
boiled enzyme solution and filtrate, also incubated at 37° for two hours. No 
buffers were added to the solutions, but the p,, was adjusted by the addition of 
dilute acid or alkali. No p,, shift occurred during incubation. 

Table I shows the effect of fresh extracts of pancreatin on the activity of the 
agents of the Rous tumour No. 1 and of the Fujinami tumour grown in a hen 
and transplanted into a duck, and grown in a duck and transplanted into a hen. 
Gye and Purdy [1931] have shown that the Fujinami virus extracted from a fowl 
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tumour contains some substance which is neutralised by antisera to hen embryo. 
This substance is not present in the virus from a duck-grown Fujinami tumour. 
It seemed possible that an enzyme might destroy the hen substance in such a 
way that the virus was still able to produce a tumour in ducks though not in 
hens. The results show that after treatment with pancreatin the activity of the 
virus is inhibited in both susceptible animals. These experiments confirm the 
work of Baker and McIntosh and of Sugiura on the virus of the Rous sarcoma. 
Experiments were done with glycerol extracts of pancreatin since the separate 
enzymes are obtained in glycerol solution and it is known that glycerol has a 
stabilising effect on the virus of the Rous sarcoma [Maschmann, 1931]. 


Table I. Effect of fresh pancreatin on tumour-producing power. 


In this and all other tables the number of crosses denotes the size of the tumour at the death 
of the bird. Four crosses represent a tumour of maximum size and one cross in brackets a tumour 
the size of a pea. All birds were killed one month after injection. The usual age of the hens was 
between three and six months. Very young ducks were used as the tumour regresses in older 
birds [Gye and Purdy, 1931}. 


No. of Pan- 
bird Control _creatin Tumour Enzyme preparation 
. prey 

(a) Ducks 

654 XX Neg. Fujinami 5 % pancreatin in saline 

671 XXX Neg. Fujinami 5 % pancreatin in saline 

746 XXXX Neg. Fujinami 5 % pancreatin in saline plus 20 % glycerin 
(b) Hens 

655 xx Neg. Fujinami 5 % pancreatin in saline 

659 XXX Neg. Fujinami 5 % pancreatin in saline 

656 XXX X Fujinami 5 % pancreatin in saline 

669 XXX (X) Rous 5 % pancreatin in saline 

765 XXXX xX Rous 5 % pancreatin in saline plus 20 % glycerol 

763 XXXX Neg. Rous 5 % pancreatin in saline plus 20 % glycerol 

673 XXXX Neg. Fujinami 5 % pancreatin in saline plus 20 % glycerol 

672 XXXX (X) Fujinami 5 % pancreatin in saline plus 20 % glycerol 


A glycerol extract of pancreatin was then made according to the directions of 
Grassmann and adsorption was carried out at p,;, 4-0 with alumina B in order to 
remove lipase. The neutralised residue contained active protease, carboxypepti- 
dase and amylase. Usually there was also a little lipase. It was found that the 
enzymes contained in this fraction of pancreatin had no effect on the tumour- 
producing power of the filtrates. The activity of the enzymes was tested by the 
methods already outlined earlier in the paper and was found to be almost as 
great as that of the original pancreatic extract. The effect of another proteolytic 
enzyme was therefore tested. Papain at p,, 5-0, 6-0 and 7-0 did not inhibit 
tumour formation. At p,;, 6-0 the same result was obtained using papain after 
activation with 1/1000 HCN. A 10 % extract of B.D.H. papain was so active 
that it caused haemorrhages in the muscles of the hens and it was necessary to 
kill them. All tests were then done with 1-0 % extracts. 

The action of that fraction of the original pancreatin which was adsorbed at 
Py 4-0 by alumina B was next investigated. The alumina was washed with 
glycerol and eluted with a mixture of ammonium phosphate and ammonia in 
glycerol and water according to Grassmann’s method for the separation of 
lipase. The alumina was centrifuged off and the supernatant was neutralised. 
Glycerol to a concentration of 60 % was added to stabilise the lipase. Table II 
shows that the enzyme which destroys the tumour viruses is in this fraction of 
the pancreatin. In order to determine whether lipase was the enzyme responsible 
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Table Il. Effect of second fraction of pancreatin on tumour production. 


Activity of enzyme preparation 


—T OS A Conc. of 

Chloro- enzyme 
acetyl- Olive oil by 

No. of Caseinogen tyrosine (+CaCl,) volume 
bird Control Enzyme Tumour ee. ee. ee. % 
524 XXX (X) Fujinami 0-8 0-55 3-9 50 
525 XXXX (X) Fujinami 0-8 0-55 3-9 50 
526 XXX (X) Fujinami 0-8 0-55 3-9 50 
512 XXXX xX Rous 0-85 0-3 0-5 50 
514 XXXX X Rous 0-85 0-3 0-5 50 
511 XXXX XX Rous 0-85 0-3 0-5 50 
XXX p.4 Rous 0-85 0-3 0-5 50 
573 XXXX xX Fujinami None None 0-5 50 
XxX (X) Fujinami None None 0-5 66 
569 (X) —_ Fujinami None None 0-5 75 
XXX XX Fujinami None None 0-5 50 
571 XXX x Fujinami None None 0-5 66 
XXX -- Fujinami None None 0-5 75 


for inactivation, the effect of calcium on the action of pancreatin was investi- 
gated. The hydrolysis of olive oil by pancreatin was increased about five times 
by the addition of calcium chloride, but the concentration of pancreatin required 
just to inactivate a given tumour filtrate was not affected by the addition of this 
salt. This seemed to point to some other enzyme than lipase as the inactivator 
of the viruses. A further test of the action of lipase was made with pancreatic 
juice. Pancreatic juice collected from the duct contains active lipase but very 
little active protease before treatment with enterokinase. A sample was 
obtained from a dog and its action on the tumour viruses determined in the 
usual way. Neither before nor after activation with enterokinase was any 
inhibition obtained. The concentration of protease, carboxypeptidase and lipase 
in the activated pancreatic juice, however, was as great as in the 5 % pancreatin 
extracts which regularly inactivated the viruses. It is probable that the 
inactivating enzyme is contained in too low a concentration in freshly collected 
pancreatic juice to be demonstrable using the very active pulp and sand filtrates 
of the tumours. The experimental results obtained seem definitely against the 
view that the protease, carboxypeptidase or lipase in pancreatin is responsible 
for the destruction of the tumour viruses. 

In a further study of the inactivating enzyme it was found that it rapidly 
disappeared from pancreatin extracts kept at 0°. The extracts were usually 
inactive after 7 days in the ice-chest. The addition of enterokinase does not 
restore the inactivating power. The proteolytic enzymes in extracts of pancreas 
are known to be stable whereas Willstatter and Waldschmidt-Leitz [1923] found 
that pancreatic lipase is unstable in solutions. This was confirmed with the 
pancreatin extracts used in this work. In view of the parallelism between the 
loss of inhibiting power and loss of lipase activity of the extracts it would be 
tempting to consider lipase as the inactivating enzyme, but the fact that 
pancreatic juice, which contains an active lipase, fails to destroy tumour- 
producing power is irreconcilable with this idea. It seems that an unknown 
enzyme is responsible for the destruction of the tumour viruses. 

From these results one cannot decide whether the nitrogen remaining in the 
purest obtainable preparations of the tumour viruses is a constituent of the 
virus or not. It is possible that virus protein is resistant to the action of protease 
and carboxypeptidase, or the enzyme present in pancreatin extracts which 
destroys them may be a proteolytic enzyme of a different type. 












1898 A. PIRIE 


SUMMARY. 


The inactivating effect of preparations of dried pancreas on the agents of the 
Rous and Fujinami tumours has been investigated. A separation of the inacti- 
vating enzyme has been attempted but its identity has not been established. It 
is adsorbed by alumina B at p,, 4-0 together with lipase but it does not seem to 
be lipase. The protease and carboxypeptidase which are present in dried 
pancreas preparations are also inert. The inactivating enzyme is unstable at 
0° in glycerol solutions. 


I wish to thank the Medical Research Council for a personal grant and 
Dr Gye and Mrs B. E. Holmes for help in the investigation. 
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CCLX. GROWTH OF BLOW-FLY LARVAE 
ON BLOOD AND SERUM. 


I. RESPONSE OF ASEPTIC LARVAE TO VITAMIN B. 


By RALPH PERCIVAL HOBSON. 
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(Received November 2nd, 1933.) 


THE experiments of Weinland [1906] upon blow-fly larvae are frequently quoted 
as the classical example of the synthesis of fat from protein. His work, however, 
is open to criticism as the analytical methods used are no longer considered 
reliable and the part played by bacteria was not determined. The present in- 
vestigation arose out of an attempt to repeat Weinland’s experiments with 
larvae reared aseptically on sterile blood. This diet proved inadequate for 
normal growth, being deficient in accessory food factors which can be supplied 
by yeast. The present paper deals with the response of blow-fly larvae to these 
growth factors. The species used was Lucilia sericata Meig., the Sheep Maggot 
Fly. These flies sometimes lay their eggs in the wool of live sheep, the larvae 
producing extensive sores on the skin. According to recent work in Australia 
[Mackerras and Freney, 1933], when maggots develop on sheep they feed at 
first on a serous exudate from the skin and later on blood. The nutritional 
value of serum and blood is therefore important in relation to the sheep blow-fly 
problem. Furthermore, blood is the diet of many insects which transmit diseases 
of man and animals. 

The literature on the vitamin requirements of insects has been reviewed by 
Uvarov [1928] and Imms [1931] and will not be considered in detail here. 
Several workers have claimed that insects require “vitamin B,” on the grounds 
that the addition of crude yeast preparations to deficient diets improves growth. 
Since “vitamin B” is now known to be a complex of several substances, evidence 
of this type does not justify the assumption’ that insects require the same water- 
soluble vitamins as higher animals. Sweetman and Palmer [1928] appear to 
be the only workers who have tested vitamin B, concentrates with insects; 
they reared flour beetles on a synthetic diet and found that brewer’s yeast 
retained part of its activity after fractionation by the method of Levene and 
van der Hoeven; they concluded that the beetle’s vitamin requirements are 
plural and in part identical with vitamin B,. With regard to the vitamin re- 
quirements of blow-fly larvae, the present author found sterile muscle to be 
deficient in a growth factor which is present in yeast extract [Hobson, 1932, 2]; 
bacterial synthesis normally supplies this factor. The active substance was found 
to be heat-stable and it was suggested that it was not identical with vitamin B, 
or B,. Experiments with muscle sterilised at a high temperature showed that 
the larvae also require a heat-labile substance present in yeast extract. 

The results of the feeding experiments with blood have confirmed the com- 
posite nature of the vitamin requirements of blow-fly larvae. For normal growth 
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to occur under asepsis with this diet, at least three growth factors must be 
added: a substance absent from aqueous or alcoholic extracts of yeast, but 
present in a soluble form in yeast autolysate; a heat-labile factor which can be 
supplied by Peters’s antineuritic concentrate; heat-stable substances present 
in autoclaved yeast extract. 

EXPERIMENTAL. 


Since certain micro-organisms synthesise the growth factors under examina- 
tion, all the experiments were carried out aseptically. The method employed 
for sterilising blow-fly eggs has already been described [Hobson, 1932, 1]. 
Sterile horse-blood (Allen and Hanbury) was used; for each test 0-6 ec. of blood 
was diluted with 0-5 cc. of the test solution and absorbed on muslin bandage 
in a plugged test-tube. All the solutions and apparatus used were previously 
sterilised and the mixtures prepared with aseptic precautions. In order to 
coagulate the blood and ensure sterility, the tubes were then heated for 
30 minutes at about 75° on 2 successive days. Three sterilised eggs were placed 
in each tube and the larvae reared in a moist incubator at 23-24°. In each 
experiment, a series of 12 to 20 tubes was run together, all the eggs being 
obtained from a cluster laid by one female. 

Fig. 1 illustrates the effect of a deficient diet upon larval growth; these 
results were obtained with larvae reared without aseptic precautions upon blood 
absorbed on cotton-wool. With blood supplemented with an aqueous yeast 
extract (curve A) or marmite (curve B), normal growth occurs. It may be noted 
that the relative growth rate is greatest in the first 48 hours, during which the 
weight increases ‘about 100 times (0-05 to 5mg.); the larvae attain a mean 
weight of 50 mg. in 4 days, after which little or no further increase occurs 
On blood alone (curve C) growth is nearly normal during the first 2 days; subse- 
quently the larvae develop slowly though they will in time reach full size. In the 
aseptic experiments the larvae were usually weighed on the 4th day, when the 
maximum difference occurs; growth curves were obtained by weighing larvae 
from separate tubes at intervals. Sterility was checked by inoculating nutrient 
media from the food residues. 
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Fig. 1. Growth of unsterilised larvae on blood. A, +yeast extract; B, +marmite; C, alone. 


Fig. 2. Response of aseptic larvae . marmite and yeast extract. A, blood + marmite; B, blood + 
yeast extract; C, blood alone. Each point was determined with a separate culture. 
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Response to a growth factor present in yeast autolysate. 


When larvae were reared aseptically on blood alone, they completely failed 
to grow and weighed less than 1 mg. after 4 days. Tests were then made with 
blood admixed with aqueous yeast extract, fat and marmite. Yeast extract 
produced only a slight improvement in growth and no material difference was 
found when various fats including cod-liver oil were also given. On the other 
hand, larvae receiving marmite grew at almost the normal rate. Since non- 
sterile larvae develop readily upon a mixture of blood and yeast extract, it was 
concluded that blood is deficient in an essential growth factor which is present 
in marmite and is synthesised by micro-organisms; for convenience this will be 
referred to as the marmite factor. For studying the properties of this substance, 
the following basal diet was used: 

Diet A. 6 cc. blood. 
1 ce. concentrated aqueous extract of yeast (1 cc.=3 g. 
fresh D.C.L. yeast). 
0-7 cc. of this mixture was added to 0-4 cc. of the test solution. 

Fig. 2 shows the growth of aseptic larvae on blood and the effect of adding 
yeast extract and marmite. The fact that larvae continue to grow slowly upon 
the basal diet (curve B) suggests that traces of the marmite factor are present; 
this is not supplied by the yeast extract since increasing the amount has no 
effect (Table 1). Horse-blood probably contains a small amount of the active 
substance since larvae grow better on serum than on whole blood when an excess 
of yeast extract is supplied; with serum the mean weight of 4-day old larvae 
varied in different experiments from 20 to 30 mg. and with blood from 6 to 
14 mg. If the substance is contained in the plasma, removal of the corpuscles 
would more than double the ratio of active substance to protein. 

Table I gives the results obtained with various substances and extracts. 


Q 


Table I. The effect of various substances on the growth of aseptic larvae 
on a mixture of blood and aqueous yeast extract (diet A). 


Amount expressed 


as % of fresh Increase in mean 
material (or its weight (mg.) over 
equivalent) on negative controls 
Substance tested volume of blood _ after 4 days’ growth 
Yeast autolysate =30 46, 40 
a =20 29, 32 
. { =45 44 
Ditto, autoclaved 4 hours =30 28 
| =15 16 
Aqueous extract of yeast =50 2, 0, -1 
70 % alcoholic extract of yeast =50 2. 
Aqueous extract of egg-white =50 -l, -2 
Alcoholic extract of wheat-germ =20 0, -2 
Aqueous extract of beef muscle =40 7 
25 -3 
Commercial meat extract, Bovril 4 15 —2 
5 0 
90% alcohol-soluble fraction from =50 37, 33 
peptic digest of beef 
Pepsin / 7 14, 12 
9 35 6 5 
Trypsin 7 30, 33 
Yeast nucleic acid 0-3 0, -2 
Glycerol l sae 
Ether-soluble fraction of marmite =30 mee 
Olive oil 5 5, 3 
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Both muscle and yeast contain the marmite factor, but all attempts to obtain 
active extracts without digestion failed. Extracts prepared by boiling yeast 
with 0-1 % acetic acid, 70 % alcohol, 50 % alcohol and 50 % alcohol containing 
1 % of strong hydrochloric acid proved inactive. Aqueous extracts of yeast 
which had been allowed to stand 3 days at about 20° appeared to be slightly 
active but the differences were scarcely significant; Peters’s antineuritic con- 
centrate had no effect in large doses. Active extracts were obtained by mixing 
yeast with half its weight of water and incubating for 8 days at 35° in the 
presence of toluene, the mixture being then boiled for 3 minutes and filtered. 
The presence of the marmite factor in muscle was inferred, since aseptic larvae 
grow readily on sterile muscle supplemented with aqueous yeast extract [Hobson, 
1932, 2]. Successive extraction of cod-muscle with water, 50 °% alcohol and 
90 % alcohol failed to dissolve the substance, but an active preparation was 
obtained from beef muscle by the following method. Muscle was digested with 
pepsin solution for 10 days, the mixture filtered and the filtrate concentrated 
and poured into 4 volumes of 98 °% alcohol. The alcohol-soluble fraction con- 
tained the active substance; control tests showed that the activity was not 
supplied by the pepsin. 

Stability to heat. Experiments with alkalised marmite gave unsatisfactory 
results which could not readily be interpreted; alkaline autoclaving appears to 
produce substances which are either toxic or repugnant to the larvae. The 
marmite factor is stable to heat in weakly acid solution since extracts of auto- 
lysed yeast remained active after 4 hours’ autoclaving (22 lbs.; py ca. 6-0). 

Fractionation from marmite. An attempt was made to concentrate the active 
substance from marmite, the main object being to obtain preparations free 
from other growth factors required by the larvae. The method finally adopted 
was fractionation with alcohol and ether; by this means, although considerable 
loss of activity occurred, concentrates were obtained rich in the marmite factor 
but deficient in heat-stable substances essential for larval growth. The procedure 
varied slightly in different experiments, but the general method was as follows. 
An alcoholic extract was prepared by stirring 100g. of marmite into a paste 
with 20 ce. of water and adding sufficient 98 °%% alcohol to make the concen- 
tration of alcohol 70 %, the precipitate being filtered and washed with a small 
volume of 70 % alcohol. The filtrate was evaporated in vacuo to dryness and 
extracted with 200 cc. of hot 88 °% alcohol. This extract, which contained most 
of the original activity, was treated with half its volume of ether and the pre- 
cipitate filtered off; the filtrate proved inactive. The ether precipitate was then 
extracted successively with 50 cc. of hot 98 and 90% alcohol; both these 
extracts and the residue were active. 

Table II shows the results of some of the feeding experiments. With crude 
marmite, normal growth (a mean weight of 40 mg. after 4 days) occurred with 
10 % in the diet, but not with 7-5 % (percentage based on the volume of blood). 
90 °% alcoholic extracts, prepared by pouring 50° marmite solution into 10 
volumes of 98 °% alcohol, appeared to be slightly more effective than the original 
product; normal growth occurred with an amount corresponding to 7-5 % of 
marmite. The most concentrated preparation was that obtained by extraction 
of the ether precipitate with 90 % alcohol, the amount of organic matter in 
the minimum active dose being approximately 0-3 % of the volume of blood, 
or 1-5 % of the dry weight; this fraction contained about 30 % of the original 
activity. 

Attempts were also made to concentrate the active substance by precipi- 
tation and by adsorption on norite charcoal. After precipitation with normal 
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Table II. The effect of marmite fractions on the growth of 
aseptic larvae on diet A. 





Marmite Mean weight of 4-day old larvae 
equivalent mg. 

as % on — > 

Substance blood volume Series 1] 2 3 
Controls 0 z 10 8 
Marmite 15 4] 47 44 
10 40) 43-5 _ 
7-5 34 36 —— 
5 19 26-5 —_ 
Crude 90 °% alcoholic 15 - 50 45 
extract 10 53 47 
7-5 42 40 

5 - 35 27 

90-98 %, alcohol- 40 45 42 
soluble fraction 30 - 43 45 
20 — 36 30 

10 - 17 15 


lead acetate, both precipitate and filtrate were active but considerable loss of 
activity occurred. Adsorption with norite charcoal removed the active sub- 
stance from extracts prepared by fractionation with alcohol, but the activity 
could not be recovered in appreciable amount by extracting the charcoal with 
N/10 hydrochloric acid or acid alcohol of different concentrations. 

Nature of the marmite factor. The active substance in marmite is readily 
soluble in water, sparingly soluble in 90 % alcohol and insoluble in ether. It is 
not therefore a fat-soluble growth factor. Since active extracts could not be 
prepared from muscle and yeast without digestion, the substance is either a 
product of digestion, such as an amino-acid, or a soluble compound which is 
adsorbed by proteins or other substances that are broken down during digestion. 
It seems unlikely that the substance is an amino-acid since the proteins of blood 
and muscle do not appear to differ appreciably in their content of essential 
amino-acids; also, on a diet almost devoid of fat and carbohydrate, only a 
small part of the amino-acids would be utilised for protein synthesis and protein 
quality is accordingly less important. The insolubility of the substance in yeast 
differentiates it from most members of the vitamin B complex. However, Hunt 
[1928] obtained evidence that an insoluble substance in yeast stimulates the 
growth of rats. Williams and Lewis [1930] concluded that for optimum growth 
rats require a substance which is present in yeast residues after extraction and 
may be identical with Hunt’s factor. According to Williams and Lewis, the 
active substance is heat-stable and insoluble in water and alcohol; in these 
respects it resembles the “insoluble” growth factor required by blow-fly larvae. 


Response to Peters’s antineuritic concentrate. 


Tests with autoclaved yeast have shown that blow-fly larvae require a heat- 
labile growth factor which is probably identical with vitamin B,. It may be 
noted that Hoagland [1923] found ox-blood deficient in vitamin B,. Aseptic 
larvae were found to grow readily on horse-blood admixed with an aqueous 
extract of autolysed yeast, but with an autoclaved extract no growth occurred 
after the second day when the larvae had reached only 2 % of the maximum 
weight; normal growth was restored by supplementing this diet with aqueous 
yeast extract, alcoholic extract of wheat germ or Peters’s antineuritic concentrate. 
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The basal diet used was prepared as follows: 
Diet B. 10 cc. horse-blood. 
5 cc. autoclaved yeast autolysate (1 cc.=0-9 g. fresh 
D.C.L. yeast). 

0-9 ce. of this mixture was diluted with 0-2 cc. of the test solution. The auto- 
lysate was prepared as described on p. 1902 and autoclaved 4 hours at 22 Ibs. 
pressure. Fig. 3 shows the growth of aseptic larvae on the basal diet and the 
effect of adding antineuritic concentrate; the growth rate of larvae receiving 
antineuritic concentrate was normal and approximately the same as that of 
larvae reared on meat without aseptic precautions. 
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Fig. 3. Response of aseptic larvae to Peters’s antineuritic concentrate. Full line, larvae receiving 
concentrate; broken line, controls. Each point was determined with a separate culture 
Fig. 4. Relationship between growth-promoting effect and antineuritic potency of vitamin B, 


concentrates. Full line, preparation A, pigeon dose activity ca. 3 mg.; broken line, pre- 
» 


paration B, pigeon dose activity ca. 2-5y. 
Owing to the kindness of Prof. Peters in supplying tested concentrates of 
different purity, it was possible to apply a critical test as to the identity of the 
heat-labile larval growth factor and vitamin B,. Two specimens of antineuritic 
concentrate were compared for their ability to promote larval growth; prepara- 
tion A was an acid-alcohol extract having a pigeon dose activity of approxi- 
mately 3 mg.; B was a purer preparation whose activity was approximately 
2-5y. The results, given in Table III and Fig. 4, show that the growth-promoting 
Table III. The response of aseptic larvae to Peters’s antineuritic 
concentrate (basal diet B). 
Mean weight of 4-day old larvae 

Number of pigeon 

doses added to Series 1 2 3 


0-6 ee. blood - 
Type of preparation A A B 3 


46 
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effect of these concentrates closely followed their antineuritic activity. The 
amounts required to produce 4- day old larvae weighing 40 mg., when added to 
0-6 cc. of blood, were approximately 0-04 to 0-05 pigeon doses of the relatively 
crude preparation A and 0-05 to 0-06 pigeon doses of the purer material. This 
agreement is surprisingly good in view of the wide difference in the nature of 
the biological tests involved and in the purity of the material, preparation B 
being about 1000 times more concentrated than A. 

Kinnersley et al. [1933], discussing the purity of their crystalline preparations 
of vitamin B,, suggest that the pigeon dose activity of the vitamin itself may 
be less than 1-0y. The qualitative evidence that blow-fly larvae respond to a 
pre paration of 2-5y activity does not therefore prove that the effective sub- 
stance is vitamin B, and not an associated impurity having similar chemical 
properties. However, the quantitative relationship observed * with concentrates 
of different purity appears to eliminate the latter possibility, since it is unlikely 
that an impurity would follow the vitamin quantitatively through a process of 
fractionation which concentrates the activity a thousandfold. It is therefore 
concluded that the heat-labile growth factor required by blow-fly larvae is 
identical with vitamin B, . 


Response to heat-stable growth factors. 


In addition to the marmite factor and antineuritic concentrate, blow-fly 
larvae also require heat-stable substances present in aqueous yeast extract but 
deficient in blood. For studying these growth factors, larvae were reared on 
blood mixed with antineuritic concentrate _ a marmite extract prepared by 
fractionation with alcohol, the amounts of each being in excess of that required 
for optimum growth. The method of preparing the marmite concentrate was 
briefly as follows. An alcoholic extract was made by precipitating a suspension 
of marmite in water with 10 volumes of 98 % alcohol; this was treated with 
half its volume of ether and the precipitate extracted successively with 98 and 
90 °% alcohol. Tests on these extracts when mixed with blood and antineuritic 
concentrate showed that each produced equally poor growth; the larvae de- 
veloped normally if autoclaved yeast extract was added to the diet. The basal 
diet adopted was prepared as follows: 


Diet C. 6 ce. blood. 
0-5 ce. 90-98% alcohol-soluble fraction of marmite (1 cc.=5 g. 
marmite). 
0-5 cc. Peters’s antineuritic concehtrate (1 cc. =2 pigeon doses). 


9-7 ce. of this mixture was diluted with 0-4 cc. of the test solution. Since larvae 
grew readily on this diet when infected with a bacillus isolated from blown meat, 
it was assumed that the food was not deficient in mineral salts. However, later 
experiments showed that yeast ash stimulates the growth of larvae in the 
presence of bacteria, the effective ion being phosphate. Further aseptic tests 
were therefore carried out to determine whether the results obtained with yeast 
extract were due to phosphate. The following extracts were used in these 
experiments. 

Autoclaved yeast extract. Yeast was extracted by boiling with water and the 
extract autoclaved 4 hours at 22 lbs. pressure. 

Alkalised yeast extract. An aqueous extract was treated with a strong solu- 

- of NaOH until the p, was approximately 10-6 and autoclaved 4 hours at 

2 lbs. pressure; the solution was then made faintly acid. 


Biochem, 1933 xxvn 120 
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Egg-white extract. An aqueous extract of egg-white was prepared by the 
method described by Chick, Copping and Roscoe [1930]; the sulphuric acid 
used to acidify the egg-white was removed by adding barium chloride solution 
until only traces of sulphate remained in solution. 

Tests were made with these preparations to determine whether the deficient 
substance was vitamin B, or an extremely heat-stable substance which stimu- 
lates the growth of Lucilia larvae on sterile muscle [Hobson, 1932, 2]. Egg- 
white is rich in vitamin B,; according to Chick and Copping [1930] this vitamin : 
is destroyed in aqueous yeast extract by 4 hours’ autoclaving at py, 10-6. The 
larval growth factor deficient in muscle resisted 3 hours’ autoclaving at py, 9-0 in 
yeast extract. 






































Table IV. Growth of aseptic larvae on diet C. 


Amounts refer to the equivalent fresh weight of material extracted. 


Mean weight of 4-day old larvae (mg.) } 
_ ——— Rn = _ SS , 
Substance added Series 1 2 3 4 5 
Controls 12-5 11-5, 13 8, 10-5 10, 13 12-5, 13-5 
Autoclaved yeast extract 10% 39-5 40, 42-5 39, 44 — — 
Alkalised yeast extract 15% 24-5, 26-5 27, 31 31, 32-5 27, 29:5 
Do. 30% 27 21-5, 23 
kalised yeast extract + 5%) ‘ ed 
Alkali ed ye ast extract 15% 34 31. 34 28. 30 - _ 
egg-white extract 25% | } 
Egg-white extract 25% 10 11-5, 14-5 10, 13 — — 
Do. 50% 11-5, 12-5 . - 
Sodium phosphate 0-5 % _— — 14, 15 10, 12-5 
Infected with a bacillus 43, 47 - —— — 


isolated from larvae 


Preliminary tests with the egg-white and alkalised yeast extracts showed 
that both were toxic in large amount; either extract when given alone depressed 
growth, but the addition of both produced a slight improvement over the 
negative controls. The toxic effect of the alkalised yeast extract was largely 
removed by concentrating and pouring into 9 volumes of 98 % alcohol; the 
precipitate proved more effective and was used in all the experiments described. 
Table IV shows that this extract improved growth but could not entirely 
replace autoclaved yeast extract; doubling the amount of alkalised yeast extract 
had no further effect. The negative results obtained with sodium phosphate 
show that the active substance is not phosphate. Egg-white extract given alone 
had no effect, but appeared to improve the growth of larvae receiving alkalised 


Table V. Growth of aseptic larvae on diet C, supplemented 
with alkalised yeast extract. 


i-3 ce. serum were taken as equivalent to 0-6 cc. blood. 


5 


Mean weight of 4-day old larvae (mg.) 


Blood Serum 
Substance added Series 1 2 3 4 

Controls 30, 33 23, 24 1-3, 1-7 1-5, 1-5 
Unsterilised eggs 37, 39 33, 42 
Egg-white extract 1% 9, 35 51, 32 

0% 27, 28 

155% 39, 44 32, 37 1-5, 2-5 1-5, 2-0 

75 26, 29 


\utoclaved yeast extract 
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yeast extract (Tables IV and V); however, the differences observed were small 
and could not always be repeated. This may have been due to the presence of 
toxic or repugnant substances, since the addition of egg-white extract to an 
adequate diet depressed the growth rate; also the basal diet contained sufficient 
of the factors concerned to produce fair growth. 

Experiments were also carried out with horse-serum; 1-3 cc. of serum were 
supplied in each tube in place of 0-6 cc. of whole blood. When larvae were 
reared aseptically on diet C prepared with serum, very slow growth resulted; 
the addition of autoclaved yeast extract produced normal development, whereas 
alkalised yeast and egg-white extract, given either alone or together, had no 
effect. Table V shows the results obtained with serum, the basal diet used being 
diet C supplemented with alkalised yeast extract. Since larvae developed 
readily on this diet in the presence of bacteria, the slow growth found under 
asepsis is due to lack of an organic substance; this factor appears to be present 
in blood corpuscles since aseptic larvae grow well on this diet when it is prepared 
with whole blood. 

These experiments show that blow-fly larvae require more than one heat- 
stable growth factor. The results obtained with blood (Table IV) suggest that 
the effect of autoclaved yeast extract is due to two substances, one extremely 
stable to heat and alkali, the other sensitive to alkali under the conditions used. 
The first substance is probably the heat-stable factor which stimulates the growth 
of aseptic larvae on muscle and which resembles in some respects factor “‘ Y” 
[Hobson, 1932, 2]. The second substance, which is stable to autoclaving in acid 
medium, appears to be present in blood, but the amount is not sufficient for 
optimum growth; since there was some evidence that egg-white extract supplies 
this factor, it may be vitamin B,. Kollath [1930] showed the presence of this 
vitamin in samples of alkaline haematin prepared from horse-blood. Kollath’s 
results suggested that serum might be poorer in vitamin B, than whole blood, 
but aseptic larvae, although they failed to grow, did not respond to egg-white 
extract when reared on a basal diet prepared with serum. However, the marked 
effect of substituting serum for blood in this diet (Table V) shows clearly that 
the larvae require a heat-stable factor which is present in the corpuscles and is 
not supplied by the alkalised yeast extract. 


DISCUSSION. 


The results obtained with sterile blood show that blow-fly larvae resemble 
higher animals in their “‘vitamin B” requirements. Thus, the effect of yeast is 
due to several substances, and normal growth only occurs if each is present in 
adequate amount. Also, the experiments with Peters’s antineuritic concentrate 
indicate that one of the larval growth factors is identical with vitamin B,. The 
other growth factors are probably analogous to members of the vitamin B 
complex and they may also be identical with vitamins required by higher 
animals. The chief effect of “vitamin B” deficiency in blow-fly larvae was 
retarded growth; no evidence was obtained of loss of weight, nor were 
there any obvious pathological symptoms except that the larvae tended to 
wander away from the food. “‘Vitamin B” appears to act as a catalyst of 
growth, accelerating a reaction which proceeds in its absence at an infinitely 
slow rate. 

It is of interest to note that Wigglesworth [1929] and also Aschner [1931] 
have suggested on theoretical grounds that blood is deficient in accessory food 
factors required by insects; this hypothesis was advanced to explain the réle 
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of the symbiotic microorganisms present in insects which feed solely on blood 
throughout their whole life cycle. In most of these insects the alimentary tract 
is sterile, the symbionts being located in special organs. Aschner and Ries 
[1933] have recently shown that the symbionts in lice are essential for their 
host; extirpation of the “‘stomach-plates” (Magenscheibe), which harbour the 
symbionts, produced sexual sterility and shorter life in adult females, these 
effects not occurring if the operation was delayed until the symbionts had 
escaped from the plates. The present experiments have shown that blow-fly 
larvae fail to develop on blood unless “vitamin B” is added or living bacteria 
are present; they therefore help to confirm the hypothesis that the function of 
the symbionts in blood-sucking insects is vitamin synthesis. 

The effect of yeast on growth is less pronounced when blow-fly larvae are 
reared on blood without aseptic precautions, and under certain conditions 
growth is approximately normal; further experiments are being carried out 
upon the effect of bacteria on larval growth. 



















SUMMARY. 





1. Blow-fly larvae are unable to develop aseptically on sterile blood owing 
to lack of growth factors of the vitamin B type; the presence of bacteria 
improves growth. 

2. Aseptic larvae grow at the normal rate on blood supplemented with 







yeast autolysate. The effect of yeast is due to an “insoluble” substance 
and to soluble factors which can be further differentiated by their stability 
to heat. 

3. The “insoluble” growth factor is present in muscle and yeast and is not 
extracted by water or alcohol; in autolysed yeast, it is soluble in water, sparingly 
soluble in alcohol and insoluble in ether. 

4. Peters’s antineuritic concentrate supplies an essential heat-labile factor ; 
since concentrates of different purity showed a correlation between growth- 
promoting effect and antineuritic potency, it is concluded that the active sub- 
stance is vitamin B,. 

5. Blow-fly larvae also require at least two heat-stable growth factors, 
which are present in autoclaved yeast extract. 

6. These results support the hypothesis that vitamin synthesis may be the 
function of the symbiotic micro-organisms present in blood-sucking insects. 





















I wish to record my thanks to Prof. P. A. Buxton for extending to me the 
facilities of the Entomological Department. My appreciations are also due to 
Prof. R. A. Peters for supplying tested samples of antineuritic concentrate and 
to Dr V. B. Wigglesworth for his active interest and helpful advice. I am 
indebted to the Agricultural Research Council for a grant which entirely financed 
this work. 








REFERENCES. 











Aschner (1931). Z. mor ph. Okol. Tiere, 20, 368. 
and Ries (1933). Z. morph. Okol. Tiere, 26, 529. 
Chick and Copping ( 1930). Biochem. J. 24, 1764. 

- Copping and Roscoe (1930). Biochem. J. 24, 1748. 
Hoagland (1923). U.S. Dept. Agric. Bull. No. 1138, 1. 
















BLOW-FLY LARVAE AND VITAMIN B 1909 


Hobson (1932, 1). J. Exp. Biol. 9, 128. 

(1932, 2). J. Exp. Biol. 9, 366. 
Hunt (1928). J. Biol. Chem. 79, 723. 
Imms (1931). Recent advances in entomology. (Churchill, London.) 
Kinnersley, O’Brien and Peters (1933). Biochem. J. 27, 232. 
Kollath (1930). Arch. exp. Path. Pharm. 142, 86. 
Mackerras and Freney (1933). J. Exp. Biol. 10, 237. 
Sweetman and Palmer (1928). J. Biol. Chem. 77, 33. 
Uvarov (1928). Trans. Ent. Soc. Lond. 255. 
Weinland (1906). Z. Biol. 47, 232. 
Wigglesworth (1929). Parasitology, 21, 288. 
Williams and Lewis (1930). J. Biol. Chem. 89, 275. 





CCLXI. STUDIES IN AVIAN CARBOHYDRATE 
METABOLISM. 


FURTHER STUDIES UPON THE ACTION OF 
CATATORULIN IN BRAIN. 


By RUDOLPH ALBERT PETERS 
AND HUGH MACDONALD SINCLAIR}. 


From the Department of Biochemistry, Oxford. 
(Received October 24th, 1933. 


Tuis work originated in an attempt to obtain a stable dry enzyme preparation, 
which would interact specifically with vitamin B, crystals [Kinnersley, O’Brien 
and Peters, 1933]. Though this object has not been attained, the research has 
brought to light facts of fundamental interest not only for the vitamin function, 
but for the respiration of the normal brain itself [Peters and Sinclair, 1933]. 
It has made clear the necessity of pyrophosphate as such in the respiratory 
energy system of brain, which could not be so clearly distinguished without the 
avitaminous animal. 

Former researches can be summarised [Gavrilescu et al., 1932; Meiklejohn 
et al., 1932] by saying that the typical effect of the vitamin is to increase oxygen 
uptake over a given period in vitro specifically with the avitaminous brain?; 
this is shown in glucose and best in lactate which is known to be formed from 

Amezlucose. Respiration with succinate behaves normally in the avitaminous brain. 
This seems to relate the action specifically to lactate. The simple view however 
that catatorulin® is the co-enzyme for lactate oxidation is not now tenable for 
two reasons. Boyland [1933] has found no co-enzyme effect in purified vitamin B, 
concentrates, prepared in this laboratory*. More significant still, Meiklejohn 
[1933] could obtain no evidence of an increased disappearance of lactate corre- 
sponding with the extra oxygen uptake. Hence a new hypothesis arose, namely 
that the effect of catatorulin was related to some other substrate, which may 
be called substrate X, for the full action of which upon the respiratory system 
the presence of lactate was indispensable. We soon found that washing the 
tissue reduced the oxygen uptake and lowered the vitamin effect. 

It is well to emphasise that the lesion cannot lie in the cytochrome respiratory 
enzyme system. Lactate respiration is of course reduced by cyanide, but the 
catatorulin effect is completely removed. About 70% of the O, uptake is 
sensitive to 7/60 and M/600 KCN in confirmation of Dixon and Elliott [1929]. 
Exps. 1, Table I, and 2, Fig. 1, show this, and that 1/600 KCN abolishes the 
catatorulin action. Hence this lies definitely in the part of the respiration which 
is cyanide-sensitive. 


1 Senior Demy, Magdalen College. 
* No other tissue is yet known which shows this effect. 


% Catatorulin is the substance in vitamin B, crystals responsible for increased oxygen uptake. 
* This is fully confirmed by earlier unpublished experiments by Peters. 











CATATORULIN AND BRAIN RESPIRATION 1911 


Table I. Cyanide and catatorulin action. 


Exp. l. Period soe Ist hour 2nd hour 
L* only 1130 680 
L+V 1330 950 Av. of triplicates 
L+KCN (4/60) 400 299° AV. of triplicates 
L+V+KCN (M/60) 380 200 


* In all Tables L=lactate; V=vitamin B, concentrate. 
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Fig. 1. (Exp.2.) Effect of KCN and of different pq upon the catatorulin effect in mixed avitaminous 
brain. Curves A, F, F and G py 7:3; B, C and D py 6-8. Curve A, lactate (0-033 M) + vitamin 
B, (ly/3 cc.); B, lactate +B, (0-2y/3 cc.); C, lactate; D, lactate + B, (ly/3cc.); F, lactate 
(calculated from A); F, lactate + KCN (M/600); G, lactate + B, (ly/3 cc.) + KCN. 


Since the “vitamin” effect tended to disappear upon removal of diffusible 
substances by washing, we turned again to a more careful study of conditions 
essential for catatorulin action and of the factors concerned in the maintenance 
of respiration in the minced tissue!. This has revealed a system of greater 
complexity than at first realised; but it has also led to knowledge of some 
substrates which will improve oxygen uptake and so bring the respiration of 
the minced avian brain more into line with that of sections from mammalian 
brain as described by others. 

The increased respiration, when vitamin B, is added in vitro to the avi- 
taminous brain in lactate, might possibly be interpreted as a decreased rate of 
fall in oxygen uptake. Without added lactate, Gavrilescu et al. [1932] showed 


1 We prefer the term “respiration,” because we feel convinced that it is more correct to 
consider the minced brain tissue as an organised system than an enzyme mixture. 
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that the catatorulin effect was present, but reduced in amount; this must be 
due to the low residual lactate content and shows that lactate is essential for 
the system. 

The effect of known substrates in presence of lactate. 


[t is clear about the postulated substrate X, with which catatorulin interacts, 
that lactate is also necessary, and that it is not a substrate competing with 
lactate. It may arise from a precursor in the tissue; in some experiments for 
instance there is a distinct tendency for the extra respiration due to vitamin 
to increase the value (L+V)—L. The simplest interpretation of this is that 
increasing amounts of the unknown substrate are formed during the survival 
respiration. 

Pyruvate. This substrate with the normal pigeon’s brain was shown by 
Meiklejohn ef al. [1932] to give a larger O, uptake than lactate. Hence it 
increases rather than diminishes respiration when added to lactate with the 
normal brain; e.g. in Exp. 1 [Peters and Sinclair, 1933], pyruvate and candiolin 
increase the oxygen uptake to the same extent. 

The avitaminous brain behaved differently. With pyruvate alone, the oxygen 
uptake was never as great as with lactate and sometimes not more than the 
residual. Pyruvate, further, often did not interact with catatorulin. With lactate 
and avitaminous brain increased respiration always took place (the action has 
been seen in at least 300 experiments in this laboratory); with pyruvate the 
effect was variable’. Further, the pyruvate system in brain recovered more 
slowly than the lactate, so that this failure is not directly correlated with 
symptoms. These facts were explained by postulating some secondary factor 
as necessary for pyruvate respiration. 

It is essential to mention here these earlier experiments with pyruvate; they 
must be taken into account when trying to elucidate the course of the normal 
oxidative synthesis of lactate. Because vitamin B, often fails to improve pyru- 
vate respiration, pyruvate alone cannot be the substrate X for which we are 
looking. 

Three classes of respiration experiments have been tried in this search. 
(1) Addition of known substances in presence of lactate. (2) Addition of various 
extracts of brain. (3) Respiratory quotients. Only (1) is considered here?. (3) 
forms the subject of an accompanying communication [Sinclair, 1933, 2]. (2) is 
not yet complete. All the experiments here recorded were made with the 
avitaminous pigeon brain. 


Phosphorus compounds. 


We have shown previously [1933] that together with lactate crude candiolin 
(hexosediphosphate), «-glycerophosphate and pyrophosphate all have a marked 
influence upon the respiration of normal brain, the last especially in inducing 
maintenance of respiration; 8-glycerophosphate proved quite inactive. 

The avitaminous brain shows general similarity with some interesting differ- 
ences which are important in trying to trace the course of the bioc hemical 
reactions involved in normal respiration. 

Crude candiolin and hexosediphosphate (purified). The single experiment 3a, 
Table I, suffices to show that hexosediphosphate alone may not have much 


! The previous experiments with pyruvate were done with cruder preparations of vitamin B, 
It is not known whether this introduces any difference. 
* A preliminary account of some of this work was communicated to the International Congress 


of Cytology on 22. viii. 33. 
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effect as a substrate. The vitamin effect was here present, but reduced practically 
to the level of “residual” vitamin effect. Table II, Exp. 36 (Fig. 2), shows the 
effect of crude candiolin and of purified hexosediphosphate prepared therefrom. 


Table II. O. uptake in mm.? of avitaminous brain with various additions. 
Avitaminous brain. Purified hexosediphosphate (HP). Vitamin differences. 


Exp. 3a. 
* Period (hrs.)... ] 4-1 
L 1080 
L+V 1410 
HP 760 
HP+V 1020 


_ 


— 


Exp. 36. Candiolin or hexosediphosphate. 


Period (hrs.)... 3 4-1 1-1} 13-2 

1590 1300 1060 
47 1855 1550 1370 
+ Cand. 1615 1390 1210 
+V+Cand. 1940 1770 1600 
+HP 1615 1320 1150 
+V+HP 1890 1700 1530 


Purified hexosediphosphate. 
4-1 1-1} 4-7 Differences 
1040 810 
1065 920 
1190 1060 
1290 1205 


For concentrations, see p. 1924. Qo, 5=1000 mm.*/g./hr. 
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Fig. 2. Effect of candiolin and of hexosediphosphate upon the catatorulin effect in minced avi- 
taminous brain in lactate, pq 7-3. Curve A, candiolin (10 mg./3 cc.) + vitamin B, (ly/3cc.); 
B, hexosediphosphate (8 mg./3 cc.)+vitamin B,; C, vitamin B,; D, hexosediphosphate; 
E, candiolin; F, control. 
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During the first hour no difference is shown; during the second hour there is 
a difference between preparations with candiolin and with hexosediphosphate ; 
there is a rather greater effect in the uptake where vitamin is present in addition 
to these substrates. It is beyond the experimental error, but slight. In one 
experiment, however, out of several the effect genuinely reproduced that of the 
substrate sought. It is given in detail in Table II, Exp. 4. 

In considering any work upon the avitaminous brain, we must keep in mind 
the fact that animals cannot all be in exactly the same state of avitaminosis; 
birds have always been selected with the greatest care. If we find animals 
occasionally showing a maximum effect such as this and at other times none, 
the interpretation is likely to be that the substrate in question in a normal 
animal is a remote precursor convertible into the one for which we are looking; 
but that the enzyme system required is temporarily more or less in abeyance 
in the avitaminous animal. This point is of importance later. We may note that 
in Exp. 4, hexosediphosphate increases the respiration mainly in presence of 
the vitamin. 

Robison’s hexosemonophosphate!. In two experiments (Table III, Exps. 5, 6) 
Robison’s hexosemonophosphate had no sustaining action, in collaboration with 
the vitamin. The initial effect seemed reminiscent of the normal; there was a 


Table III. Respiration of avitaminous brain with phosphorus compounds. 
O2 uptake in mm? 


Robison’s hexosemonophosphate (RHP). 
Exp. 5. 
Period (hrs.)... 4] 13-2 2-23 
L 1155 770 695 
L+V 1280 1030 920 
L+RHP 1165 770 610 
L+RHP+V 1270 1000 870 
Exp. 6. 
Period (hrs.)... 0-3 4-1 1-1} 13-2 


L 1630 1460 1150 920 
L+V 1730 1585 1360 1165 


L+RHP 1755 1490 1160 950 
L+RHP+V 1930 1680 1370 1160 


a- and 8-glycerophosphate. («-gp. and B-gp.) 
Exp. 7. 
Period (hrs.)... 0-3 4-1 1-13 14-2 
1630 460 1150 920 
730 1585 1360 1165 
1970 1815 1490 1260 
2090 1975 1800 1620 
1430 325 1145 910 
1890 1720 1410 1200 
Exp. 8. 
Period (hrs.)... 0-3 4] i-l} 13-2 2-24 
1310 1190 895 725 680 
1530 1425 1245 1150 1045 
1630 1520 1270 1090 930 
1685 1630 1490 1410 1335 
390 1275 1025 875 755 


1570 1460 1300 1210 1120 


1 We are indebted to Prof. R. Robison for a gift of this material. 
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slight early stimulation of respiration. The substrate was not studied further, 
as it showed no promise of interest. 

B-Glycerophosphate. No appreciable effect was found in experiments with 
this substrate which were well controlled by simultaneous experiments with 
«-glycerophosphate (Table III, Exps. 7, 8). 

a-Glycerophosphate. The action of this substrate is in marked contrast to the 
others considered. It produces a large effect, amounting to some 30-40 % 
and even more. But it is to be noticed that the action is not directly related 
to the vitamin at p, 7-3. Even at 2-2} hours, there is no increased catatorulin 
effect, i.e. (L+V)—Lis approximately the same as (L+a-gp.+V)—(L+a-gp.). 
It is amie not peculiarly the substrate sought, but supplies the place of 
one of the missing entities in the decreased respiration of the vitamin-deficient 
brain. 

Examination of the figures (Table III, Exps. 7, 8) shows that the effect of 
a-glycerophosphate is to raise the general level of respiration both with and 
without vitamin. There is slight increase in the differences, indicating small 
synthesis of X or its precursor, but hardly above the experimental error. 
Hence with «-glycerophosphate we have a substrate which is additive with 
lactate, but which shows neither maintenance nor specific interaction with 
catatorulin. 

Na pyrophosphate. This substance is peculiarly important for the vitamin’. 
At py 7-3, it produces a practically steady respiration for 2-3 hours, and in so 
doing considerably enhances the vitamin action. At py, 6-6, where there is 
normally no vitamin effect, addition of pyrophosphate gives a vitamin effect. 
Added pyrophosphate therefore behaves as an essential constituent in a respi- 
ratory system, of which lactate and vitamin B, are necessary components, and 
therefore functions in part as our substrate. 

In more than 10 experiments at py, 7-3, we have observed the effect of 
pyrophosphate in a greater or less degree. There is therefore no evidence of the 
failure in some cases (and not in others) as seen previously with hexosediphos- 
phate. A typic: 21 experiment is illustrated in Fig. 3. 

Fig. 4 gives the effect of different concentrations (diagram at 2 hours). If 
we use 6 mg. of the Na salt, the effect is therefore practically maximum. 

The conclusion is that lactate and free pyrophosphate in sufficient concen- 
tration are essential for the action of vitamin B,; from this follows naturally 
the inference that the interaction of these three substances constitutes the basis 
of the catatorulin effect and is essential for normal tissue respiration. This could 
only have been learnt by a study of the avitaminous bird. 

Mixed substrates. Some experiments upon the effect of mixed substrates 
have given results rather similar to those in the normal; the additions do much 
to restore normality in the avitaminous bird. 

Table IV shows the very large increases which may be expected by these 
additions to the avitaminous brain, pyrophosphate, vitamin and «-glycero- 
phosphate together with lactate inducing rises of at least double and in the 
case of Exp. 11 nearly treble the respiration rate as compared with lactate 
alone. 

Adenosine triphosphate. The pyrophosphate may either function as the free 
salt, or because it assists in the resynthesis or preservation of the co-enzyme 

1 We were led to this discovery by an attempt to synthesise phospholactic acid by heating 
lactic acid with metaphosphoric acid. Upon neutralising on ice with 20° NaOH, crystals 
separated, a solution of which had marked maintenance activity. The isolated barium salt subse- 


quently proved to be barium pyrophosphate. 
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24 Hours 


Fig. 3. Effect of pyrophosphate upon the respiration of avitaminous brain in lactate py 7-3. 


Curve A, control; B, pyrophosphate (6 mg.); C, vitamin B, (ly); D vitamin andj pyrophos- 
phate (6 mg.); Z, vitamin and pyrophosphate (12 mg.). 


ae 
3. _ 


0 ) 12mg./3c.c 


Fig. 4. Effect of concentration of pyrophosphate upon respiration of avitaminous 
brain in lactate, py, 7°3. Curve A, with addition of vitamin B, (ly/30 ce.). 
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Table IV. Mixed substrates*. Avitaminous brain. O2 uptake in mm.’ py 7-3. 


Period (hrs.)  ... 0-4 4-1 1-14 14-2 2-23 21-3 

Exp. 9. L alone 1160 970 710 730 560 500 
L+V 1200 1145 1010 880 860 760 
L+pp.+V 1070 1115 1105 980 1030 880 

Same + «-gp. 1460 1420 1315 1230 1190 1040 


Exp. 10. L+a-gp. 1720 1640 1280 1125 815 
L+pp. 1360 1050 700 730 820 
L+pp.+V 1640 1360 1300 1260 1290 
L+pp.+a-gp. 1930 1495 1290 1140 1000 
L+pp.+a-gp.+V 1840 1890 1680 1510 1460 


L 715 600 —_ — 
L+pp. 1010 880 750 715 540 
L+V 1030 1020 — — — 

L+pp.+V 1120 1120 1070 1000 860 
L+a-gp. 1225 1100 1040 930 782 
L+pp. +«-gp. 1390 1330 i210 1050 870 
L+pp.+a-gp.+V 1525 1620 1495 1335 1170 


pp. = pyrophosphate. 


* It seems most probable (but lacks proof), that these are the actual missing substrates in 
the tissue itself, and that the initial varying rates of respiration in lactate alone are due to varying 
amounts of these substances in the tissue preformed perhaps during the stimulation of killing 
and subsequent manipulation. Some preliminary evidence has already been obtained in support 
of this. 


adenyl pyrophosphate [Lohmann, 1928; 1932]. We have obtained no vitamin 
or vitamin-pyrophosphate effect by addition of the co-enzyme up to concen- 
trations of approximately 2 mg./3-0 cc.=0-07 %. Some earlier negative experi- 


ments with a crude preparation of our own have been confirmed with a specimen 
very kindly given to us by Dr Boyland! (Table V, Exp. 12). 


Table V. Adenosine triphosphate (Adp.) 2 mqg./3 cc. Exp. 12. 
O2 uptake in mm.* 


Period (hrs.) ... 0-3 i] 1-1} 13-2 
L 1210 890 690 550 
L+Adp. 1150 800 630 480 
L+pp. 1230 910 820 650 
L+V 1330 1090 920 710 
L+Adp.+V 1510 1090 (925) 715 
L+pp.+V 1380 1180 1090 990 


Since increase in concentration of adenyl pyrophosphate has no influence 
in presence or absence of the vitamin, it must be concluded that free pyro- 
phosphate is the essential component of our system, and that this is acting 
independently of the co-enzyme in this particular respect. 


Note. Nagai [1932] has recently studied the pyrophosphate content at death of the muscles 
of avitaminous pigeons. He found no difference from normal for breast and heart muscle, but a 
15 % decrease for avitaminous leg muscle. The latter is barely significant statistically. The figures 
are in any case of doubtful value, because there is no statement of time elapsing between death 
and immersion in cooled trichloroacetic acid. 


1 We gratefully record our thanks for a gift of Ba adenosine triphosphate. This was decom- 
posed in acid solution (HCl) and checked by estimation of inorganic and total P and P hydro- 


lysable in 7 minutes. 
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Hydrion concentration and the catatorulin effect. 

With normal brain [Peters and Sinclair, 1933] the O, uptake at py, 6-6 is 
approximately 60-70 % of the value at p,, 7-3. Respiration in lactate solutions 
is of course lower for avitaminous than for normal brain. The difference between 
these two hydrion concentrations is not nearly so marked for avitaminous brain 
in absence of added vitamin; but whereas the presence of vitamin increases 
respiration at p, 7-3 markedly, this increase with added vitamin is much 
reduced or even absent at 7, 6-6. Table VI shows typical experiments (a) com- 
paring lactate and lactate + vitamin at p, 6-6, (b) lactate and lactate+ vitamin 
at p,, 6-6 and 7-3 (see also Fig. 1, Exp. 2). 


Table VI. Effect of pz, on vitamin action. O2 uptake in mm.? 


(a2) L+V (ly at py 6-6). 


Exp. 13 


Period (hrs.)... 0-1 
L 810 1000 
L+V 900 1135 
(6) L+V (Ly) at py 6-6 and 7-3. 
Exp. 15 Exp. 13 


ee oe ee ee ee oe = ‘ 
Period (hrs.)... 0-1 1-2 0-1 1-2 
Py 73 1265 1020 1290 1090 
Py 6-6 990 630 900 550 
(c) py 6-6. V 0-2y and ly. Exp. 16 
Period (hrs.)... 0-1 1-2 
955 505 (triplicate averages) 
1030 620 
990 630 


It is of considerable interest that the catatorulin effect should be reduced 
from a maximum at p,;, 7-3 (the blood-p,,) to a minimum at p,, 6-6. A further 
point of importance is that any slight vitamin effects at p, 6-6 are obtained 
with small amounts of vitamin (0-2); but increase of vitamin to ly does not 
give increased respiration, as at p,;, 7-3. The equation of Passmore et al. [1933] 
does not hold at py, 6-6 (see Table VI (c)). This was remarkable, and at first 
seemed to be explicable only by some abrupt inhibiting effect. The probable 
explanation has proved more interesting. If pyrophosphate is added, there is a 
vitamin effect at p,, 6-6, similar to that at p, 7-3 (see Table VII). Hence, 
sufficient pyrophosphate must be formed at p,, 7-3 to give the ordinary vitamin 
effect; this pyrophosphate formation largely fails at p,, 6-6. The reason for this 
is still obscure; the optimum p,, for pyrophosphatase action was given by Kay 
[1928] as p,, 7-6, but since then pyrophosphatases with other p,, optima have 
become known [see Takahashi, 1932]. 

There is a distinct suggestion that the origin of this pyrophosphate may be 
normally related to «-glycerophosphate. ‘Though «-glycerophosphate acts inde- 
pendently of the vitamin at p, 7:3 so far as oxygen uptake is concerned, at 
Py 6-6, «-glycerophosphate functions to some extent in place of pyrophosphate 
(see Table VII, Exps. 17 and 18). 

The striking influence of pyrophosphate at p,, 6-6 lends the strongest support 
to the view that free pyrophosphate is a component of normal cell respiration 
in brain tissue. The concentration of adenosine triphosphate in 100 mg. tissue 
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Table VII. Respiration at py 6-6. O2 uptake in mm.? 


Pyrophosphate. «-Glycerophosphate. Vitamin. 
Exp. 17. 
Period (hrs.)... 0-4 3-1 1-1} 
L 1165 915 710 
L+V (1175) (985) (780) 
L+a-gp. 1440 1010 740 
L+a-gp.+V 1615 1230 970 
L + pp. 945 810 730 
L+pp.+V 1410 1210 1060 
Exp. 18. 
Period (hrs.)... 0-} 1 1-1} 4 
L 800 530 455 
L + pp. 685 580 
L.+V é 710 540 
L.+V+pp. 1050 940 
Exp. 19. 
Period (hrs.)... 0-4 4-1 1-14 13-2 2-24 
L 890 735 640 390 34 
L+V 1040 835 625 490 370 
L+pp. 955 840 690 685 610 
L+pp.+V 1225 1145 1035 1010 1060 
L+a-gp. 930 835 770 640 470 
L+a-gp.+V 1120 1060 955 850 810 


is low, so that such pyrophosphate can hardly arise from this source, even if 
the a-glycerophosphate action is otherwise explained. It must be mentioned 
again in final caution that these findings with substrate additions still require 
the experimental proof by estimation of concentration in the tissues concerned 
before we can be quite certain of their application. 

The above interesting facts unfortunately do not yet teach us the precise 
nature of the enzyme system with which the vitamin co-operates. Though pyro- 
phosphate behaves as substrate X, its action must be in some way secondary; 
i.e. the postulated substrate X is multiple. In the attempt to learn whether 
this was concerned with the accepted hexosephosphate fermentation system, 
we investigated the action of fluoride. 


Fluoride. 


The effect of fluoride upon tissue respiration has been much studied [see 
Meyerhof, 1930]. In mammalian brain, Ashford and Holmes [1929] showed that 
0-02 M fluoride inhibited lactate formation by 88 %, 0-01. by 81 %, 0-005.M 
by 72 % and 0-002 UM by 64%. It is uncertain however that this inhibition is 
due to stabilisation of hexosephosphates, as even 0-02.M did not inhibit the 
appearance of inorganic phosphate under these conditions (pj, 8-2). At first it 
was thought that the vitamin effect was relatively little influenced by fluoride. 
Further experiment showed however that this was a question of concentration. 

Table VIII gives the experiments. In each case 0-024M NaF reduced the 
respiration of L+F+V to that of L+F; this concentration reduced the lactate 
respiration by 30-35 %, a figure which must be approximately maximum as 
0-048 M gave no further striking change in L+F. In the second hour period 
the reduction with 0-024M formed a rather greater percentage of the total 
respiration, but in actual amount (mm.*/g./hr.) was not much different from the 
reduction in the first hour. About 300 mm.?/g./hr. are sensitive to fluoride under 
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Table VIL. Effect of fluoride (NaF). O2 uptake in mm.’ 









Calculated 
differences 














a 
Exp. 20. Period (hrs.) ... 0-1 1-2 Ist 2nd_=ss Total 
L 940 570 on én : 
L+F (0-048 M) 610 290} 330 280 (610) 
L+V 1160 800} ‘ia en 
L+F (0-024 M) 780 325 | 00 £75 (855) 
L+«a-gp. 1370 1010 ¢ 9: > 
L+F (0-024 M) 1090 690 280 320 (600) 
Exp. 21. 
L 1030 600 ‘a 
L+F (0-008 M) 820 390 a 100 (290) 
L+F (0-024 M) 630 290 (=90) 
L+V 1200 780 ss 
L+F (0-024 M) 670 290} 530 490 (1020) 
L+F (0-024 M) +a-gp. 590 310) 
L+F+«a-gp.+V 640 390 J = 
















L 1160 690 , : 
L+F (0-€08 M) 970 490 | vo — ed, 
L+F (0-024 M) 810 430} , (320) 
L+V 1480 960 7 a 
L+F (0-008 M)+V 1060 5201 on = na 
L+F (0-024.M)+V 855 450} 205 70 (278) 
RP 855 460 i j 

RP+F 585 sot 270 210 (480) 










L 1395 850 ' 2s ; 
L+F (0-004.M) 1230 600 a a oo 
L+F (0-008 M) 1140 450) : « - 
L+V 1780 1120 ‘ ; er 
L+F (0-004 M)+V 1440 730 | 360 i 
L+F (0-008.M)+V 1150 485 } scr aoe, ea 
RP 805 450 ) ; 
RP +F (0-004 M) 665 350 J 140 oo 200 






RP = Ringer-phosphate. 






our conditions. 0-008M NaF inhibited catatorulin action completely in two 
experiments and only partially in a third. With 0-004 the catatorulin effect 
was present in Exp. 23, but inhibited some 50 % (reckoned as mm.*/g./hr.). 
0-01.M therefore appears to be the marginal concentration for complete inhi- 
bition of the catatorulin effect; this will only reduce the lactate respiration 
by 18 %. The catatorulin effect is therefore much more sensitive to fluoride 
than 70 % of the tissue respiration in the presence of lactate; it appears to 
follow the concentrations required to inhibit lactate formation more closely, 
but to be less sensitive than the lactate system. 

Some other points deserve notice. From the fluoride action it may be judged 
that about 70 % of the residual respiration is due to lactate in the first hour, 
and in the second hour much more. In presence of lactate, the proportion of 
fluoride-sensitive respiration increases in the second hour. If fluoride inhibits 
the hexosephosphate-triosephosphate system, this means that more of these 
compounds are taking part in the respiration in the second hour; they are 
therefore formed from precursors in the first hour. In presence of vitamin, the 
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amount of such substances formed must be much greater; in Exp. 22 for instance 
some 600 mm.? of the respiration are inhibited by fluoride. This suggests that 
the vitamin is concerned somehow in the fermentation system of carbohydrate, 
stimulating a respiration which is fluoride-sensitive!. The extra respiration is 
intermediate in sensitivity to fluoride between lactate upon the one hand and 
the main tissue respiration on the other. 


The concentration 0-01_M fluoride required to inhibit the vitamin effect is practically the 
same as that shown by Dickens and Greville [1932] to inhibit glucolysis in the Jensen rat 
sarcoma. 


To recapitulate, the simplest hypothesis that vitamin B, is directly concerned 
with lactate removal was replaced by the hypothesis that it interacted with 
an unknown substrate X. Now it seems that X is more than one substance. 


Further considerations. 


The results upon normal and avitaminous brain suggest a close relation to 
the new fermentation scheme of Embden et al. [1933], in which Meyerhof and 
McEachern [1933] concur. The powerful action of «- -glycerophosphate makes 
this evident. 

According to these authors, we have for the anaerobic system: 


(1) Hexosephosphoric acid > 2 triosephosphoric acid [dihydroxyacetonephosphoric acid (a) 
+glyceraldehydephosphoric acid (6)]. 
2) (a) + 2H +(6) +O =«-glycerophosphoric acid + phosphoglyceric acid. 
(3) Phosphoglyceric acid = pyruvic acid + phosphoric acid. 
(4) «-Glycerophosphoric acid + pyruvic acid = triosephosphoric acid + lactic acid 
(=2 lactic acid + phosphoric acid) [Meyerhof and Kiessling, 1933]. 


In (4) pyruvic acid formed from phosphoglyceric acid in presence of «-glycero- 
phosphate gives lactate (salt at p,, 7-3). 

The prominent part played by pyruvic acid (as opposed to methylglyoxal) 
in these new fermentation schemes makes necessary a further investigation of 
pyruvate in relation to these brains. The primary object of this paper was 
confined to investigation of the respiration, but a few other incidental observa- 
tions have also been made. 

Tested by the nitroprusside reaction of Simon and Piaux [19 24] as described 
by Case [1932], no pyruvate reaction is given by the freshly minced avitaminous 
brain. After shaking with lactate-Ringer at p,, 7-3 for periods up to 2 hours, 
there is usually found a marked pyruvate reaction. 

It is probable that the reaction is actually given by pyruvate, but this 
cannot be decided until a hydrazone has been separated and identified by 
melting-point. The reaction is peculiar to avitaminous brain at py, 7:3. It is 
not found in experiments carried out at p, 6-6, or in normal , brain tissue. 
Hence, it is in some way related to the avitaminosis; the obvious connection 
with Embden’s scheme is of great interest. 

Upon the assumption that this substance will prove to be pyruvate itself, 
two problems arise for further work, namely (1) the origin and disappearance of 


1 During the progress of these experiments, Meyerhof’s view [1933] that fluoride inhibits 
phosphoglyceric acid breakdown appeared. It is difficult to reconcile this effect of fluoride with 
the view that fluoride only influences the breakdown of phosphoglycerate. 
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the substance responsible for the pyruvate reaction in the respiration experi- 
ments, and (2) the nature of the pyruvate lesion. 

In regard to (1), two paths are available upon present knowledge, either 
oxidation of lactic acid or degradation of phosphoglycerate. Origin by oxida- 
tion via the lactic co-enzyme of Banga, Szent-Gyérgyi and Vargha [1932] cannot 
be excluded, unless it proves that the lactic co-enzyme functions well at p, 6-6; 
at this p,, no pyruvate reaction appears. The more probable origin appears to 
us to be via Embden’s phosphoglycerate; this would account among other 
things for the ready disappearance of the reaction in presence of «-glycero- 
phosphate ; further, since lactic acid would be so formed, it would go far towards 
explaining the puzzling constancy of lactate in Meiklejohn’s experiments [1933]. 
(2) The problem as to the nature of the pyruvate respiration lesions in these 
brains has still to be solved. Respiration with avitaminous brain in pyruvate 
solutions in absence of added vitamin is almost always less than with lactate, 
in contrast to the normal. The previous results with vitamin additions were 
variable [Meiklejohn eé al., 1932]. A few further experiments show that addition 
of pyruvate to lactate may be actually inhibitory (see Exp. 24, Fig. 5). At other 
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5. (Exp. 24.) Effect of pyruvate upon catatorulin effect in minced avitaminous brain in 
presence of lactate (0-033 .M) and pyrophosphate (7-5 mg./3 cc.). Curve A, vitamin B,(ly/3cc.); 
B, vitamin B yyruvate (2-8 mg./3 cc.); C, control. 

17 P! 


times an experiment such as Exp. 25, Table IX is seen, giving reduced respira- 
tion with pyruvate, but identical catatorulin effects with pyruvate and lactate. 
At present the balance of evidence is towards the view that the pyruvate problem 
is secondary to that of lactate, so far as the action of the vitamin is concerned. 
Two paths seem possible for removal of pyruvic acid, synthesis to phospho- 
glycerate, or reduction to lactate. Exp. 25 is best explained by believing that 
pyruvate is first reduced to lactate. If then, the presence of vitamin also 
improves removal of pyruvate by reduction to lactate, the vitamin must be a 





Q 
ay 





CATATORULIN AND BRAIN RESPIRATION 


Table IX. O, uptake in mm.? 


Exp. 25. 

Period (hrs.) aes 1 2 V difference 
Ringer-phosphate 1030 590 110 - 
Ringer-phosphate + V 1080 700 ee 
L 1600 1010) oe : 
L+V 1810 1370} 7 
Pyruvate 1360 850) 330 3 
Pyruvate + V 1580 1180} a 


Exp. 26. be 
I Difference 


Period (hrs.) ... ] 2 3 Total 1-3 hrs. 
L Le 1400 750 615) 690 
L+V 1560 1040 860 } 
P 1080 680 380) 1020 
P+V 1490 960 730) a 
; +a-gp. _ 1460 860 690) 910 
+a-gp.+V 1810 1160 950 } 


catalyst in some reducing system. We cannot yet decide which substance reduces 
pyruvate when oxygen is present. According to Barrenscheen and Beneschevsky 
[1932] it would be glutathione; whereas according to the scheme of Embden 
et al. [1933] and Meyerhof and McEachern [1933] it would be preformed «- 
glycerophosphate. If «-glycerophosphate can actually take the place of oxygen, 
then it might be expected that «-glycerophosphate + pyruvate would give less 
respiration than pyruvate. In three experiments of which Exp. 26, Table IX, 
is one, respiration with «-glycerophosphate addition has been increased addi- 
tively with pyruvate, as with lactate. This independence of «-glycerophosphate 
respiration is decidedly puzzling, and at the moment difficult to reconcile with 
the latest fermentation schemes. There is no support at present for the view 
that the vitamin action is concerned with «-glycerophosphate, or directly with 
pyruvate, though the fluoride experiments suggest a relation to the fermenta- 
tion system of carbohydrate’. We have come to believe that the changes in 
the tissue induced by lack of vitamin are more profound than at first realised, 
and that the whole trend of metabolism is altered; this is indeed indicated by 
Meiklejohn’s and also by the R.Q. experiments [Sinclair, 1933, 2]. Since Hopkins 
and Elliott [1931] showed that pyrophosphate inhibited glutathione oxidation, 
the interaction with pyrophosphate would be consistent with some such function 
for the vitamin as mobilising active glutathione in a coupled oxidation system. 
Knowledge of the exact influence will come only with the patient accumulation 
of further facts. 

The deep-seated changes experienced outwardly by increased lactate in the 
tissue here studied and variations in normal respiration are especially in- 
teresting, because of their close analogy to those in tumour tissue, which has been 
made closer by work upon the R.g. Dickens and Simer [1930] found that this was 
the great distinction for tumour (a lowering in carbohydrate oxidation in addi- 
tion to lactic acid formation). Here analogy stops because there is no evidence 
that polyneuritic pigeons grow tumours in their brains more easily than the 
normal. 


1 An experiment with ketol [Henze, 1930] gave no indication of change in the 
respiration either with or without vitamin. We are indebted to Dr Boyland for the specimen 
of ketol. 
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The above research has been carried out in Ringer-phosphate solution. The 
criticism that conditions are too artificial to be of interest is adequately met 
by the recent finding (H. M.S.) that the catatorulin effect is obtained equally 
well in bicarbonate-CO, solutions. 


EXPERIMENTAL. 


Birds used for these experiments have been carefully selected to show true 
opisthotonus symptoms. They have in most cases been already used in vitamin B, 
tests and have therefore been thoroughly depleted of vitamin. 

Determinations have been made upon the whole minced brain (up to 
16 simultaneous samples) in Ringer-phosphate py, 7-3, containing lactate 
0-033.M unless otherwise stated, and in O,. The salts used have been described 
in our previous paper [1933]. The figures given represent the mean of satis- 
factory duplicate estimations, unless otherwise stated. Periods are calculated 
for 30 minutes preceding the time stated, i.e. 1} hours means the period 
1-1} hours. 

In making additions to the Ringer-lactate solution, the salts have been made 
up in 0-2-0-3 cc. of solution and so added to the bottles, making allowance for 
this by addition of less Ringer-lactate. Any changes in concentration of lactate 
so produced would not influence results [c¢f. k,, curves for lactate, Gavrilescu 
et al., 1932]; but this has been controlled in the latest experiments by adding 
the necessary amount of lactate in 2-0 cc. Ringer-phosphate and making up 
to 3-0 cc. with the various additions. The small variations in tonicity have not 
been corrected. It was found by Peters and Gavrilescu that very wide varia- 
tions in strength of a sugar solution had little influence upon oxygen uptake. 

The same batch of vitamin crystals has been used throughout. They were 
made up as described by Kinnersley e¢ al. [1933] in acid alcoholic solution, 
200y/cc. The required amount was taken immediately before an experiment, 
the alcohol removed, and diluted with Ringer-lactate so that lcc.=2y. It 
was added to the bottles immediately after breaking up the tissue. 

Magnesium. As in the previous paper, Mg has been added as 0-05 cc. of 
saturated Mg phosphate solution in several cases (Exps. 3, 5, 6, 7, 8, 10, 11, 
12, 17, 19). It has had no influence. 

Calcium concentration. Calcium chloride added to the Ringer-phosphate 
caused at p, 7-3 inhibitory effects amounting to some 2-10 %, but did not 
affect the action of the vitamin. In order to work under standard conditions, 
most of the experiments were done with Ringer-phosphate which was allowed 
to stand at room temperature for 2 days before filtering from the precipitated 
calcium phosphate. Latterly, we have worked with a Ca-free Ringer without 
influence upon the experimental results. For other work upon the influence of 
calcium see Kisch [1931] and for nerve Gerard [1932]. 

Concentrations of other substrates. Unless otherwise stated, these have been 
as follows: 

Vitamin B,. ly per 3-0 cc. (} International vitamin B, unit). 

Pyruvate 0-019.M. Exps. 26, 27. 

Pyrophosphate (Na salt). Anhydrous: 0-0094.M, Exps. 12, 17,18, 19: 0-0075 MU, 
Exps. 10, 11: 0-0125.M, Exp. 9. 

a-Gilycerophosphate (Ca salt decomposed by oxalate): 0-0143.M, Exps. 7, 8: 
0-0238.M, Exps. 9, 11, 17, 19: 0-02.M, Exp. 27: 0-016. M, Exp. 10. 

£-Glycerophosphate (Na salt): 0-0129.M, Exps. 7, 8. 

Hexosemonophosphate (Robison) Ba salt: 0-0076.M, Exps. 5, 6. 
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Hexosediphosphate Ba salt: 0-0071 M, Exps. 3a and 6, 4. 

Candiolin. 10 mg./3 ec., Exp. 36. 

They were chosen to produce maximum (or approximately maximum) 
effects. 


CONCLUSIONS. 


1. The action of vitamin B, “catatorulin effect” upon the brain in vitro of 
avitaminous pigeons is maximum at p, 7-3. It is abolished by cyanide and 
fluoride in sufficient concentration, being more sensitive to fluoride than most 
of the respiration. 

2. Na pyrophosphate (0-2 %, 0-01) interacts with vitamin B, and lactate 
to produce large rises in respiration over periods of 2-3 hours; in this way the 
respiration is largely maintained instead of decreasing rapidly. 

3. Hexosediphosphate and Robison’s hexosemonophosphate increase the 
initial rate of respiration in avitaminous as in normal brains, but have no 
influence in sustaining respiration and show no specific vitamin interaction. 

4. «-Glycerophosphate (not $-glycerophosphate) increases the respiration 
largely; this increase is not specifically related to the vitamin action, but the 
substance is probably one of the missing tissue substrates in experiments of 
this type. 

5. With lactate alone at p, 6-6 there is no catatorulin effect unless pyro- 
phosphate is added. To some extent «-glycerophosphate will replace pyrophos- 
phate. It is inferred from this that free pyrophosphate is split off in survival 
respiration at p,, 7:3. 

6. Since vitamin B,, lactate and pyrophosphate appear to form some 
coupled oxidation system, the vitamin must influence more than one phase of 
the energy metabolism of the cell. The facts at present known are the expression 
of some deep-seated shift in cell equilibria. 


We are indebted to the Medical Research Council and to the Christopher 
Welch Trustees for grants for expenses. We are grateful to Mr H. W. Kinnersley 
for help in preparation of the vitamin concentrates and to R. W. Wakelin for 
skilful assistance. 
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CCLXII. THE EFFECT OF VITAMIN B, UPON THE 
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(Received October 31st, 1933.) 


GAVRILESCU AND PETERS have shown [1931, 1] that minced polyneuritic pigeon’s 
brain tissue, suspended in glucose-phosphate solution, gives a lowered oxygen 
uptake as compared with the normal. Later they found [1931, 2] that this 
deficiency was partially restored in vitro by adding vitamin B, concentrates in 
very small amount. The effect was catalytic. Peters and his colleagues 
[Gavrilescu et al., 1932] showed that the effect was enhanced in lactate solution; 
but since the avitaminous tissue oxidised succinate normally, the cytochrome 
system was not impaired. They concluded that vitamin B, was specifically 
concerned with carbohydrate metabolism. 

The simplest explanation was that vitamin B, was a catalyst essential for 
the oxidative removal of lactic acid. It is not, however, the lactic oxidase 
coenzyme described by Banga e¢ al. [1932], neither can preparations of the 
latter give the in vitro effect of vitamin B, [Boyland, 1933, using the Thunberg 
technique; Peters and Sinclair, unpublished, using measurement of oxygen 
uptake]. Also, Meiklejohn [1933] could find no extra disappearance of lactic 
acid corresponding to the extra respiration produced by the addition of the 
concentrates to the polyneuritic tissue. It was therefore important to study 
the R.Q. of the tissue under these conditions. A preliminary account of these 
experiments has already appeared [Sinclair, 1933]. 

The respiratory quotient of brain tissue from various animals has usually 
been found to be nearly unity. Loebel [1925] found that the R.Q. of excised 
rat brain was 0:99 in fructose, 0-92 in glucose and 0-86 in Ringer solution. 
Dickens and Greville [1933] reported that the R.Q. of brain cortex of rats and 
rabbits, buffered either with phosphate or bicarbonate, was unity whether 
glucose, fructose or no substrate was present. ‘Ashford and Holmes [1931] found 
that the R.Q. of chopped rabbit brain, in Ringer-phosphate (apparently un- 
buffered), was 0-88 and rose to unity when lactate was added. Himwich and 
Nahum [1929] analysed the gases in the blood entering and leaving the brains 
of dogs and obtained values of unity under a variety of conditions. Himwich 
and Fazikas [1932] stated that minced tissue of rats, in glucose-phosphate 
solution, gave the following values: cortex 0-99, stem 0-93, cerebellum 0-89, 
medulla 0-89. All this work has emphasised that the metabolism of mammalian 
brain under a variety of conditions is essentially that of carbohydrate. 

Very recently Himwich et al. [1933] have reported observations on the R.Q. 
of the cerebral cortex of three pigeons and one dog suffering from polyneuritis. 
The values obtained with the avian tissue, using the Warburg apparatus, were 
0-76, 0-86 and 0-66, but it is not stated in what medium the determinations 
were made. Himwich assumes, apparently on no evidence, that the R.Q. of 


1 Senior Demy of Magdalen College. 
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normal avian cortex would be unity and believes that his results indicate a 

diminished ability of the brain to oxidise lactic acid. Meiklejohn [1933] could 

demonstrate no inability of the brain to oxidise lactic acid in avian polyneuritis. 
Many authors have studied the R.Q. of polyneuritic animals, with very con- 

flicting results. Ramoino [1915] found that when four pigeons were fed on 

polished rice, their weight and R.Q. fell progressively although their oxygen 

uptake was not decreased. On feeding an extract of the rice-polishings, their j 

weight and R.Q. increased, and they became very active. The lowest value of the 

R.Q. was 0-35, and he concluded that the low values were due to incomplete 

oxidation processes producing toxic substances. Caridroit [1922] reported that 

the R.Q. of three pigeons fed on a vitamin B-deficient diet started at 0-9, fell 

to 0-7 and then rose to 0-8 at the time of symptoms. Anderson and Kulp [1922 

did careful work on six hens and concluded that there was no noticeable change 

in R.Q. in vitamin starvation. They concluded that Ramoino’s results were due 

to leaks in his apparatus. Magne and Simonnet [1922] rightly believed that 








































their experiments were too few to analyse the metabolic disturbance in poly- } 
neuritis. Nevertheless they concluded that the R.g. of pigeons was the same } 


in polyneuritis as in fasting. They found that intravenous injection of glucose 
raised the R.Q. of a fasting pigeon but produced no significant rise in a poly- 
neuritic pigeon, whence they concluded that the latter was ‘‘un animal alimenté ”’ 
but unable to utilise carbohydrates. In contrast to this, Mattill [1923] found 
no difference in the basal quotients of normal and avitaminous rats and con- 
cluded that vitamin B was not specifically related to the metabolism of carbo- 
hydrate since in both groups of animals the R.Q. rose after administration of } 
sucrose or glucose. Gerstenberger and Burhans [1922] believed that studies of 

the R.Q. showed that polyneuritic pigeons could burn carbohydrates completely ; 

van Berkhout [1926] found a decreased production of CO,. Jansen and Mang- 
koewinoto [1920] generally found a fall in R.Q. in paddy-birds. Okada and 
Sakurai [1926] and Fleming [1923] reported that the R.Q. was unaltered in human 
beriberi, and Lawrow and Matzko [1926] actually found a rise in R.Q. and in 
oxygen consumption in avitaminous hens. 


EXPERIMENTAL. 


The method of Dixon and Keilin [1933] has been used for the determina- 
tions, since this is better than the methods of Dickens and Simer [1930; 1931, 1] 
and of Warburg [1924]. 

The determinations were made over a period of 1 to 2 hours upon minced 
brain tissue in 3-0 cc. mammalian Ringer solution buffered with 17/10 KH,PO,, 
Py 7:3, and containing sodium lactate (0-033./) (as described by Passmore 
et al. [1933]). The side-bulbs contained 0-3 cc. 2N HCl, and the bottom taps 
40 % KOH. 






The birds were killed by decapitation with a guillotine. The skull was opened, and the brain 
removed, freed as far as possible from membranes and blood and finely minced with a bone 






spatula. The tissue was then divided into as nearly equal portions as possible and placed in the 






previously filled and tared bottles. After re-weighing, the tissue was finely divided with a flat- 





ended glass rod’, the rolls of filter-paper and the glass rods were inserted, and the apparatus 






assembled and placed in the bath at 38°. 50 to 55 minutes elapsed from the time of death until 






this stage was reached. Oxygen was passed for 10 minutes through the apparatus while shaking 







1 It is found that if care is taken in breaking up the tissue with the glass rod, no tissue is 





removed from the bottle, and the amount of medium lost is very small and equal to the amount 
lost from the control bottle. 
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by the method described by Dixon and Keilin. The gas was then shut off, the side-taps closed 
and the apparatus shaken for a further 3 minutes. The taps were then closed and the acid tipped 
into the left-hand bottles. The remaining procedure was as described by Dixon and Keilin. 

In the early experiments, mercury was used to displace the KOH but was found to be un- 
satisfactory as it sometimes shook over into the medium. In most of the experiments glass rods 
have been used (see Dixon and Keilin). The apparatus have not been shaken at the speed re- 
commended by Dixon and Elliott [1930], because at that speed the tissue becomes washed up 
and stuck upon the sides of the bottles, and there is danger of the acid not reaching and killing 
it immediately. A speed of about 70 complete revolutions per minute has been used. 

- The constants of the apparatus were calculated from the formula given by Dixon and Keilin. 
When oxygen and phosphate buffer have been used instead of CO, and bicarbonate, the changes in 
pressure have not been large, and so paraffin, coloured with Sudan III, has been used in the 
manometers. 

All determinations, except where stated, have been done in duplicate and a few in triplicate 
or quadruplicate. When the duplicates have not agreed to within +5 %, the average value has 
been bracketed. I have found that the duplicates agree better for the measurement of Qo, than 
for R.Q. This may be due to the tap-grease (made from lard, bees-wax and olive oil) dissolving 
CO,. This would, of course, affect the r.q. but not the Qo, . The error from this source can only be 
small and does not apply to the determinations made in ‘presence of CO,. 


Throughout, precisely the same additions have been made to the left-hand 
bottle as to the right-hand, but it was found impossible to get the weights of 
tissue identical. In all experiments, the amounts used have been between 90 
and 200 mg., and the amounts in any pair of bottles have always agreed to 
within + 5 %, usually considerably less. The differences in bound CO, will there- 
fore not be significant. 

The birds used in nearly all the experiments have been either Blue Chequer 
or Blue Bar Homer pigeons. About equal numbers of each sex have been used, 
but as neither the type of bird nor the sex appears to make any significant 
difference to the results details have been omitted. In most of the experiments, 
cerebrums only have been used. Although the lesion in polyneuritis is more 
marked in the lower parts of the brain [Kinnersley and Peters, 1930], the 
cerebrum provides more tissue, a higher Q,, and a more homogeneous mince. 
Varying amounts of white matter are unavoidably included, but two experi- 
ments have shown that the R.Q. of the cerebrum is not very different from that of 
the lower parts of the brain. 

RESULTS. 


Table I shows some results obtained with normal pigeons [fed on mixed 
corn, as described by Kinnersley et al., 1928]. 


Table I. Normal tissue in phosphate-buffered lactate. 


Time 
Exp. Tissue (mins.) Qo, R.Q. 
2. iii. 33 Whole brain (except) 60 — 0-89* 
cerebellum) 

3. lii. 33 i 60 - 0-907 

6. ili. 33 i 60 — 0-86 

13. iii. 33 + 60 8-63* 0-88} With addition of 
28. iii. 33 < 60 7-357 0-83t 2y vitamin B, 
2%6. iv. 33 { Cerebrum ; i 45 (8-60) 0-93 per 3-0 cc. 
Sa eee ee | Optic lobes and mid-brain 5-75 0-92t —- — 
22. iv. 33 Cerebrum 60 (10-73) 0-87 Qo. R.Q. 
15. viii. 33 or 90 10-73 0-99 10-53 0-965 
16. viii. 33 a 60 9-05 0-83 9-80f 0-90 
18. viii. 33 xs 90 9-45f 0-88t 8-60 0-90 


* Quadruplicate. { Triplicate. t Single determination. 
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Table IT shows results obtained with tissue from birds killed while in opistho- 
tonus due to deficiency of vitamin B,. The birds had been fed for about 30 days 
on polished rice by the usual methods used in this laboratory, and the pre- 
cautions of Kinnersley et al. [1928] were observed. The vitamin preparation 
used was a crystalline concentrate (No. 64-19 of Kinnersley et al. [1933]). The 
bottles to which it was to be added received only 2-0 cc. of the ordinary medium. 
After the tissue had been broken up with the glass rod, the vitamin was added 
made up in 1-0 ce. of the medium. (The addition was made to both left- and right- 
hand bottles.) The amount used (1 to 2y per 3-0 cc.; 2-2y=1-0 International 
unit) was such as would give an almost maximum catatorulin effect [Passmore 
et al., 1933]. 


Table Il. Avitaminous cerebrums in lactate. 





R.Q. of i 
Qo. R.Q. extra Vitamin 

Time _ _ - respira- cone. 
Exp. (mins.) Control Vitamin Control Vitamin tion (y/3-0cc.) j 

10. v. 33 60 5-50 6-15* 0-74 0-84* 1-7 2-2 
33 130 (8-70) 11-00 0-65 0-88* 1:3 2-2 : 

63 5-80 0-62 0-89 2-0 2-0 
60 7-50 0-74 a — 1-0 | 

120 4-35 0-69 0-87 1-5 2-0 
60 5-25* 0-58* 0-77 1-2 2-0 i 

60 5°35 6°55 0-71 0-93 1-9 2-0 

120 4-23 6-20 0-68 (0-91) 1-4 2-0 
* Single determination. | 
} 


Table III shows some results obtained with birds fed on polished rice for 
varying periods. In some cases, symptoms were threatening; in others, the 
bird was very active and apparently in good health. It will be seen that in 
some cases there is a slight rise in the R.Q. and Q, , in others no effect. 


0O,? 


Table III. Cerebrums of rice-fed birds in lactate. 





Qo, R.Q. No. of % loss 

Time - ~ days on in wt. 

Exp. (mins.) Control Vitamin Control Vitamin diet on diet 
Zi. i. Be 60 5-95* 0-67 . 19 - 
20. vi. 65 9-05 0-86 . 20 - 
3. Vil. 32 60 9-20 10-15 0-81 0-87 26 35-6 
6. vii. 3% 60 9-00 9-40 0-88 0-75 22 2 
7. vii. 32 60 8-00 7-80 0-99 1-09 23 3 
10. vii. 3 60 8-98 9-10* 0-76 (0-83) 26 36-5 
11. vii. 3° 60 8-15* 8-08 0-81* 1-01 27 37-0 
13. vii. 33 90 7-28 8-03 0-92 0-91 21 26-6 










Vitamin concentration, 1 y/3-0 ce. in Exp. 6. vii. 33; 2v/3-0 ec. in the remainder. 


* Single determination. + Triplicate. 





Determinations in CO.-bicarbonate. 


Experiments in a medium containing M/10 KH,PO, cannot be regarded as 
being very physiological. Yet Dickens and Simer [1931, 2] found that the 
respiration of normal tissue with glucose as substrate was affected neither 
qualitatively nor quantitatively by substituting CO,-bicarbonate for phosphate. 
Ashford and Holmes [1931], however, found that the oxygen uptake of chopped 
rabbit brain, both in presence and absence of lactate, was larger in CO,-bicar- 
bonate than in phosphate, and the value of the ‘‘Meyerhof quotient” also de- 
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pended upon the buffer used. Meyerhof [1925] found that phosphate was 
necessary for the resynthesis of lactic acid in muscle; and Meyerhof et al. [1925] 
showed that there were quantitative differences in respiration in presence of 
sodium or of potassium phosphate. It was therefore important to study the 
respiration of the avitaminous brain in CO,-bicarbonate, with and without 
added phosphate. 

The experiments have been performed in Ringer-lactate (as above) with 
0-025 M sodium bicarbonate. The final solution when saturated with CO, had 
Py .7°3, but practically no calcium was precipitated. In the experiments with 
phosphate, sodium dihydrogen phosphate was added to make the final concen- 
tration M/45. This was brought to py, 7:3 with 20 % NaOH. Gas mixture 
composed of 0,+5 % CO, was used, and the medium was saturated with this 
before being added to the bottles. The manometers were filled with Clerici fluid. 
Variations in the tonicity of the various media have not been controlled, since 
Gavrilescu and Peters, in unpublished observations, found that large variations 
produced no effect upon the respiration. 

Tables IV and V show the results obtained with tissue from normal and 
avitaminous birds respectively. 


Table IV. Normal tissue in CO.-bicarbonate with lactate. 








Time 
Exp. Tissue (mins.) Medium Qo. R.Q. Q* 
12.ix.33  Cerebrum 120 Lactate 5-90 0-83 —1-1 
13. ix. 33. Whole brain (except 120 Lactate 6-03* 0-817 1-2} 
cerebellum) 
15. ix. 33 os 120 Lactate 5-55 0-79 ~0-8 
Lactate + phosphate 6-15 0-90 (-—1-1) 
18. ix. 33 120 Lactate 6-53 0-82 “2 
Lactate + phosphate 6-50 0-93f (-1-7)t 
* Quadruplicate. + Triplicate. { Single determination. 
Table V. Avitaminous tissue in COs-bicarbonate with lactate. 
R.Q. of 
extra 
Time respira- 
Exp. (mins.) Medium Qoe R.Q. Ov tion 
19. ix. 33 120 Lactate 4-98 0-71 —0-5 ~- 
Lactate + vitamin B, 6-20 0-81 0:8 1-2 
21. ix. 33 109 Lactate 5°68 0:72 - 0-4 — 
Lactate + vitamin B, 6-45 0-80 —0-7 1-5 
1G. ix, 33 110 Lactate + phosphate 3-70* — - — 
Lactate + phosphate 5-28 0-91 (-—1-0) 2-0 
+vitamin B, 
20. ix. 33 120 Lactate + phosphate 4-38* 0-75* ( —0-8) ~- 
Lactate + phosphate 5-65 0-88 (-1:3) 1-5 


+ vitamin B, 
Tissue. Whole brain except cerebellum. Vitamin B,, 2y/3-0 ce. 


* Single determination. 


Table VI gives the average values obtained in the whole series of experi- 
ments. After the mean value for each series is given the standard deviation, 
/(%-x)* 
V n-1 
standard error of this difference; and “P,” the probability of falling outside 
the range +t, is derived from the Table given by Fisher [1932]. 


; “t” is the difference between two means divided by the estimated 
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Table VI. Mean values + standard deviation. 
R.Q. of extra 


A. Phosphate: R.Q. +0 “ pi ads respiration 
Normal brain (except cerebellum) 0-87 40-05 ) 1-29 0-28 a 
Normal cerebrum 0-90 +-0-06 + 0 54 0 6 

y . . > 4 ‘oO “6 - 
Normal cerebrum + vitamin B, 0-92 +0-03 ) 
_ Rice-fed” cerebrum — 0-86 +0-09 } 1-03 0-33 , 
Rice-fed”’ cerebrum + vitamin B, 0-91 +0-11 5 
ritami s cerebr )-68 +0-06 s 
Avitaminou cerebrum 7 ( 68 ( 6} 71 0 1-6 0-3 
Avitaminous cerebrum + vitamin B, 0-86 +-0-06 | 
R.Q. of extra 

B. CO,-bicarbonate: R.Q.+¢ A respiration 
Normal brain (except cerebellum) 0-81 +0-02 —1-] 

Ditto +phosphate 0-91 +0-05 (-—1-3) — 
Avitaminous brain (except cerebellum) 0-71 +0-02 — 0-45 ) 1-4 40-2 

Ditto vitamin B, 0-81 40-02 — 0-75 } 

Ditto phosphate ‘ ; : 0-75 “ ( - 0°38) | 1-8 0-4 

Ditto +phosphate + vitamin B, 0-90 +0-05 (-—1-15)} 


In calculating the statistics, certain points arise. The standard deviation (c) has been calcu- 
lated from the whole set of values in each series and not from the average values (mean of 
duplicates, efc.) given in Tables I to V. In two experiments, only half the usual concentration 
of vitamin was used (ly instead of 2 y), but as already stated 1 y is known to give a nearly 
maximum catatorulin effect. In the case of the birds fed for different periods on polished rice, 
but not in opisthotonus, the standard deviation is very large because the birds were in varying 
degrees of vitamin deficiency. The experiments performed with bicarbonate buffer have been too 
few to permit of convincing conclusions being drawn. 

Fisher’s method of testing the significance of a difference between two means has been used, 
although the same results can of course be obtained from the direct application of the probable 
error concept. The analysis shows that the difference between the R.Q. of avitaminous cerebral 
tissue with and without added vitamin is undoubtedly significant; the difference between the 
R.Q. of normal brain and normal cerebrum is probably significant; between the R.Q. of cerebral 
tissue of rice-fed birds, with and without added vitamin, there is probably no significant difference ; 
and the addition of vitamin to normal cerebral tissue does not significantly change the R.Q. 


DISCUSSION. 


Many authors have claimed that vitamin B, is not specifically related to 
tissue oxidation processes, but that the results obtained have been due to the 
loss in weight or general inanition of the animals studied [e.g. Drummond and 
Marrian, 1926; Galvao and Cordoso, 1932; Abderhalden and Vlassopoulos, 1931]. 
Meiklejohn et al. [1932] proved that vitamin B, deficiency and inanition were 
independent, but Westenbrink [1932] has revived the controversy. The results 
presented here show that the minced avitaminous tissue has a decreased R.Q. 
as well as a lowered respiration, and that the addition of minute amounts of 
vitamin B, in vitro raises both nearly to the normal values. Further, the vitamin 
has no effect upon the normal tissue and probably no significant effect upon 
the tissue of birds fed with polished rice but not showing the symptoms of 
polyneuritis. The results obtained therefore lend strong support to the con- 
clusions of Peters and his colleagues. 

These results can be interpreted in many ways. Taking the simplest explana- 
tion and assuming that no protein is being oxidised’, the r.q. of 0-9 for tiie 

1 The aerobic production of ammonia by brain is well established [Loebel, 1925; Schwarz 


and Dibold, 1931; Riebeling, 1931]. Any such production will affect the values neither of the 


R.Q. nor of the oxygen uptake. 
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normal tissue may be taken to represent a respiration of which 66 % is carbo- 
hydrate and 34 % is lipoid. It is interesting to recall that Peters and Sinclair 
[1933] found that rather more than 60 % of the respiration was sensitive to 
cyanide or fluoride. The avitaminous tissue has an R.Q. of about 0-68, but it is 
unlikely that this represents an oxidation of fat alone since lactate markedly 
stimulates the respiration of this tissue (although not to the same extent as 
with the normal) and since Meiklejohn [1933] found that the avitaminous tissue 
readily removed lactate. It is more probable that an incomplete oxidation is 
occurring in the avitaminous tissue whereby some substance is produced which 
is Only oxidised in presence of the vitamin, thus producing the apparent R.Q. 
of 1-5 of the extra respiration induced by the vitamin. 

The fate of the lactic acid is indicated by the experiments in bicarbonate. 
The aerobic glycolysis can be measured in these. 


The figures given for the Q}\? in presence of phosphate do not represent true values and so 
have been placed in brackets (see Tables IV, V and VI). The apparatus does not give a direct 
measure of the Q\? if phosphate is present, since buffering by the phosphate minimises any changes 
in the acid content of the medium. Therefore the true value for the disappearance of acid 
(negative Q‘?) in presence of phosphate should be very much larger than the figure given in the 


Tables. 


The removal of acid in the avitaminous brain in absence of phosphate 
is found to be very small (Q\z= —0-45), but upon adding vitamin B, there is 
a large increase (Q\j=—0-75) approaching the value for the normal tissue 
(Q\;=—1-1). There is a corresponding rise in the respiration and in the R.qQ. 
Yet the latter is only 0-81 (for the normal tissue, and avitaminous + added 
vitamin), and the R.Qq. of the extra respiration produced by the vitamin is 
about 1-4. Therefore it seems improbable that the increased disappearance of 
acid merely indicates an oxidation of lactic acid. 

Adding phosphate hardly affects the oxygen uptake either of normal or of 
avitaminous brain with added vitamin, but raises the R.q. from 0-81 to 0-91 
(representing an increase of 35 to 69 % in the carbohydrate part of the respira- 
tion). Also, the disappearance of acid is greatly increased'. But since this 
large disappearance can hardly all be accounted for by the increase in the 
carbohydrate part of the respiration, it is simplest to regard it as a synthetic 
removal of lactic acid. Speculation, however, would not be justifiable. 


SUMMARY. , 


1. The respiration of brain tissue from normal, rice-fed and polyneuritic 
pigeons has been studied in presence of lactate buffered with either phosphate 
or bicarbonate. 

2. The respiratory quotient of the tissue from polyneuritic pigeons is low 
and is raised nearly to the normal value by the addition in vitro of minute 
amounts of crystalline vitamin B,. 

3. The low value is independent of inanition, since the addition of vitamin 
does not influence the R.Q. of tissue from normal pigeons and hardly influences the 
quotient of tissue from pigeons fed on polished rice but not showing symptoms. 

4. The specific effect of vitamin B, in raising the respiration of avitaminous 
brain tissue is found in lactate buffered with bicarbonate, and there is also a 

1 It is improbable that the negative aerobic glycolysis is due in any large degree to production 
of ammonia or breakdown of creatinephosphate, since it is unlikely that either would be greatly 
increased by the addition of phosphate. 
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rise in the respiratory quotient. These results are independent of the addition 
of inorganic phosphate to the medium. 

5. The aerobic glycolysis of the avitaminous tissue is slightly negative and 
becomes more so when vitamin B, is added or with normal tissue. The addition 
of phosphate markedly increases this negative value. 








I am very deeply indebted to Prof. Peters for his constant interest and 
advice throughout this work. I also wish to thank Mr Kinnersley for the supply 
of the vitamin B, concentrate and Dr Malcolm Dixon for early information con- 
cerning the apparatus. 
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In this communication, evidence is produced which lends strong support to the 
view that there exists a connection between the polyploid constitution of the plant 
and its vitamin C content. The experiments to be described were embarked upon 
as a consequence of some suggestive information which was obtained in a series of 
investigations on the apple. Some years ago it was observed by Zilva and his 
collaborators in the course of a comprehensive investigation on the influence of 
the physiological condition of the apple on its vitamin C content [ Bracewell e al., 
1930, 1, 2] that the antiscorbutic potency of the Bramley’s Seedling variety 
was very much greater than that of a number of other varieties examined. The 
striking nature of this observation was stressed by the writers at the time. 
Attention was then drawn by Prof. J. B. S. Haldane and later by Dr J. T. 
Bregger, Extension Horticulturist of the State College of Washington, Pullman, 
Washington, to the fact that the Bramley’s Seedling was the only variety 
amongst those investigated which was a triploid (51 chromosomes in the somatic 
tissue), whilst the others were diploid varieties (34 chromosomes in the somatic 
tissue). Acting on this suggestion, Crane and Zilva [1931; 1932] made a com- 
parative study of a number of triploid and diploid apples. They found that in 
both forms there was a variation in antiscorbutic activity amongst the varieties 
tested, but that the most active apples fell within the triploid category. The 
striking feature, however, was that certain triploid fruits showed as low a 
vitamin C content as some of the least active diploid apples and conversely 
that certain diploid varieties were as active, if not as the most active triploid 
apples, at least as some of the moderately active fruits of this category. In 
interpreting the results it was, therefore, difficult to arrive at a clear-cut con- 
clusion. Crane and Zilva, nevertheless, considered the evidence as favouring 
the theory that a higher vitamin C content was associated with a higher number 
of chromosomes in the somatic tissue in the apple. 

It is plain that conclusive evidence could only be obtained by comparing 
the polyploid and the diploid form from which the former was derived. Such 
comparison could not conveniently be made in the case of the apple. Crane 
and Zilva therefore suggested that fruits in which polyploidy could be induced 
with ease should form the future experimental material. In consequence the 
present authors chose the tomato as a starting-point. 


1 Member of the Scientific Staff of the Medical Research Council. 
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THE EXPERIMENTAL MATERIAL. 


The normal tomato is a diploid with 24 somatic chromosomes, but it is 
found that when this form is decapitated, about 7 % of the adventitious shoots 
which arise in consequence of this treatment are tetraploids with 48 somatic 
chromosomes. 

The contrasting characters used in this experiment were tall (D) and 
dwarf (d), red-fleshed fruit (R) and not red-fleshed (yellow) fruit (r). Through 
linkage phenomena the tall plants were also of the constitution 0 (round fruit), 
P (smooth fruit-skin) and the dwarfs were o (oval fruit) and p (rough skin). 

The above diploid stocks of the genetic constitutions DOP R, dopr, DOPr 
and dopR were induced to form tetraploid shoots by the above method dis- 
covered by Winkler [1916] and developed by Jérgensen and Crane [1927]. 
Self-fertilisation of the diploid and tetraploid plants thus obtained therefore 
produced progeny of comparable constitutions in these four genetic categories, 
i.e. tall red, dwarf yellow, tall yellow and dwarf red. All these characters are 
known to be inherited according to Mendelian laws [cf. Lindstrom, 1925; 1932; 
McArthur, 1931]. The production of the experimental material is presented 
diagrammatically in Fig. 1 

diploid 
seed 


1 
Spust. ee 2n plant 


Diploid (2n) 
stock plant 


Ww 





tetraploid 
=a eee 
. 7 plant 
| 
Fig. 1. 1, Normal diploid (2x) tomato (24 chromosomes). 2, Diploid cut back at a giving rise to 


aan b (diploid) and shoot ¢ (tetraploid). 3, Diploid plant raised vegetatively from shoot b 
of 2. 4, Tetraploid plant raised vegetatively from shoot c of 2. Seeds from 3 and 4 supplied 
respectively diploid and tetraploid material for this investigation. 


THE VITAMIN C TESTS. 


The comparison of the vitamin C contents was carried out on the juice of 
the tomatoes, since the utilisation of the intact fruit might have yielded mis- 
leading information owing to variations in the juiceless pulp. Preliminary ex- 
periments carried out in 1932 revealed that in order to obtain truly comparable 
results several precautions had to be taken in carrying out the tests. One of 
the chief of these was against the instability of the vitamin in the juice. Very 
marked losses were recorded when the tomato juice was stored even at —20 
for any length of time, a temperature at which the activity of many fruit tissues 
and juices is moderately stable. Further complications arising out of a difference 
in stability of the vitamin in juices originating from fruits of different consti- 
tutions could also not be excluded. As a result of several trials, the following 
procedure was finally adopted. The fruit was picked from plants growing in 
adjacent rows at Merton twice a week. The juice was prepared daily immediately 
before its administration to the experimental animals. The tomatoes were 
averaged as to size, as far as possible, and also as to degree of ripeness, before 
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being placed in a refrigerator at —20° the day previous to the preparation of 
the juice. To each 50 g. of the frozen tomato 20 g. of sand were added and the 
mixture finely ground. After squeezing through muslin, the residue was well 
ground again. The squeezed out juice was then added to the ground residue, 
ground once more and again pressed out through muslin. After centrifuging, 
the resulting yellow juice was administered to the animals without delay. 
A yield of juice equivalent to 80 % or more of the original weight of the tomato 
is thus obtained and the entire procedure does not take more than 30 minutes. 
The details of the biological test method have been given in previous com- 
munications. 


Chemical data. 


Owing to the limited quantity of experimental material at our disposal we 
were unable to examine it in great detail. This we hope to do when more material 
is available. We have nevertheless obtained a certain amount of information 
in this connection about the juices tested which has some bearing on this 
investigation. 

H ion concentration. This was daily carried out colorimetrically, immediately 
after the preparation of the juice. There was little variation in the acidity of 
the juices. Those from diploid tomatoes showed a p,, value of 4-2-4-4, very 
exceptionally 4-6. The tetraploid juices were slightly more acid, about py, 4-0. 
The acidity of both forms was probably due to the presence of weak organic 
acids since an appreciable quantity of ammonia was required to bring the 
solutions to py, 7-0. 

Indophenol-reducing capacity. As has been usual for a number of years in 
this laboratory, the juices were titrated daily with indophenol (dimethylamino- 
phenylindophenol) just before they were administered to the experimental 
animals. In these tomato juices, although it would be unsafe to generalise, there 
is some proportionality between the capacity of reducing this indicator and the 
antiscorbutic activity. It is therefore of interest to examine the titration results. 
Space does not permit citation of all the figures, but in Table I there are pre- 


Table I. Titrations cc. N/1000 indophenol per cc. of juice. 


es Diploids 
dRop DROP drop DroP dRop DROP drop DrOP 
3:3 3-2 3-1 3-2 2.5 2-3 2-8 2-0 
4-] 4-5 3-5 4-5 1-7 1-6 2-4 1-9 
4-5 4-8 4-6 4-¢ 2-0 2-0 2-7 2-0 
4-8 4-9 4:5 4-5 1-6 1-7 1-9 1-6 
4-] 53 4-7 4-7 1-7 2-6 2-6 2-3 
4-2 4-7 4:3 4-] 2-0 2-3 2-6 2-6 
3-9 3-0 3-4 3-1 2-9 3:3 34 4 
Average for test: 
4-] 4:3 4-0 4-] 2-0 2-3 2-6 2-2 


sented the weekly averages and the averages for the entire test. These figures 
are representative since there was little variation and consequently not much 
deviation from the average in the reducing capacity of the individual juices 
from day to day; extreme figures were obtained only rarely. 

If it were assumed that ‘the entire reducing capac ity were due to ascorbic 
acid and that none of the ‘‘reversibly oxidised” form of the compound were 
present the tetraploids would contain 35 mg. and the diploids 20 mg. per 100 ce. 
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of juice. 
in each case. 

Dry matter. These estimations were not carried out daily but on several 
occasions during the progress of the test. The figures are given in Table II. 
The clear-cut nature of the results is obvious. The juices from the tetraploid 
varieties contained in every case more dry matter than those from the diploid 
varieties. It is hoped to continue the study of the chemical nature of the juices 
when more material is available. 





Table Il. Dry matter °/,. 


Tetraploids Diploids 

dRop DROP drop DrOoP dRop DROP drop DrOP 
6-97 6-76 7°30 8-25 4-49 4-4] 4-12 

6-71 7-22 4-39 
7-82 6-88 4-94 5-10 3-92 3-86 4-15 4-24 
8-14 7-94 5-93 7-66 3°34 3°95 4-40 4-53 
7-94 5:37 3°92 5-15 4-56 4-27 5-06 4-07 

Average: 

7-72 6-74 6-16 6-67 4-08 4-12 4-42 4-28 


Biological results. 


These results are presented in Figs. 2, 3, 4 and 5 which give weight curves, 
clinical symptoms of scurvy and post mortem details. The results are straight- 
forward and need hardly any comment. In every case the potency of juice 
from tetraploids is about twice as great as that from diploids and the activity 
in each case appears to be independent of the genetic characters of the varieties 
tested. The diploid variety dopr may be somewhat more active than the re- 
maining diploid varieties. The corresponding tetraploid form, however, does 
not seem to possess a higher vitamin C content than the other tetraploids. 

Interpreting the above results in terms of International Units and of ascorbic 
acid, the following data are obtained. In the case of the tetraploids, 1 cc. of 
juice gave rather better protection than is usually obtained with 1 cc. of deci- 
trated lemon juice and was about equal in potency to 0-5 mg. of ascorbic acid 
[Hirst and Zilva, 1933]. It accordingly contains rather more than 1000 I.U. 
or about 50 mg. of ascorbic acid per 100 cc. of juice. The diploid juices on the 
same basis of assessment contain somewhat more than 500 I.U. or about 25 mg. 





of ascorbic acid per 100 ce. of juice. 

It may be noted here that 1 mg. of ascorbic acid has always so far been 
observed to be rather more active than 2 cc. of the average decitrated lemon 
juice (201.U.) in this laboratory. As there is no significant variation in the 
response of the experimental animals in tests performed as above at different 
times, it may be safely assumed that this equivalence always holds true. 


DISCUSSION OF RESULTS. 

The results presented in this communication leave little doubt that a con- 
nection exists between polyploidy and vitamin C content in the tomato, which 
further strengthens the view of Crane and Zilva that a similar relationship 
exists also in the apple. This raises some interesting speculations concerning 
the latter fruit. It has already been mentioned that one of the diploids (Lane’s 
Prince Albert) was as active as the moderately active triploid apples. Is it 
possible that the very active triploid apples were derived from a diploid strain 
or strains with a similarly high antiscorbutic activity? Conversely, is the origin 


It will be seen later that the biological result was of a similar order 
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of the triploid Gravenstein with a very low vitamin C content to be traced to 
a diploid form with an exceptionally low antiscorbutic potency ? 

The genes investigated in this research seem to have no bearing on the 
vitamin C content of the tomato. It is not, however, excluded that other factors, 
whether genetic or not, may exercise such an influence. In fact we have obtained 
indications to this effect. For instance the wild tomato, S. racemigerum, which 
is a diploid shows a higher titration value with indophenol than do any of the 
tetraploid varieties of L. esculentum so far investigated. If the indophenol- 
reducing capacity should prove a reliable index of the antiscorbutic activity in 
this case, the higher vitamin content of this variety must be due to genes rather 
than the number of chromosomes. 

The fruits from the tetraploid tomato plants are smaller than those from 
diploid plants but it is hardly likely that the higher concentration of vitamin C 
in the juice of tetraploids is indirectly due to the size of the fruit. We found 
that larger fruits showed if anything a higher indophenol-reducing capacity 
than the smaller ones belonging to the same plant and as was mentioned in 
this case the titration value was a fairly good indication of the antiscorbutic 
potency of the juice. 

teference must here be made to results recorded by Key [1933]. She 
examined one strain of each of a diploid and tetraploid tomato of comparable 
constitution for its vitamin C content by the tooth method and found no 
difference between their antiscorbutic activities. Her results show further that 
the vitamin C content of the above strains of tomato and of a sample bought 
in the open market was much lower than that recorded by us. We are unable 
to explain these divergencies. 

SUMMARY. 


The tetraploid and diploid forms of the strains of the tomato, DOP R, dopRk, 
dopr, DOPr, obtained by the induction of polyploid method and subsequent 
vegetative propagation were examined for their vitamin C content by the pro- 
phylactic test. All the tetraploid strains were found to be about twice as active 
as the diploids. ‘Che tetraploids contained rather more than 1000 International 
Units or 50 mg. of ascorbic acid per 100 ce. of juice. — 

The above results strengthen the evidence obtained by Crane and Zilva that 
in the case of apples there is a connection between the vitamin C content ond 
the number of chromosomes. 

There is no association between the genetic factors DR, dR, Dr and di 
and the vitamin C content of the tomato. 
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Ir has been known for a considerable period that though many dried seeds are 
devoid of antiscorbutic activity, they acquire this property very readily on 
germination. This observation, first made by Young [1782; quoted by Curtis, 
1807], was demonstrated in the laboratory by Fiirst [1912]. Quantitative data 
in this connection were first provided by Chick and her collaborators. In the 
case of peas (Pisum sativum) Chick and Delf [1919] found that young growing 
guinea-pigs could be fully protected from scurvy by adding as a supplement 
to their scurvy-producing diet 10 g., or in some cases 5 g., of peas which had 
been germinated for 2 days. 

tecently the technique in which the capacity of antiscorbutic solutions for 
reducing indophenols, introduced by Zilva [1927], has been utilised by several 
workers in the quantitative assessment of vitamin C, since this vitamin (/-ascorbic 
acid) is known to reduce these indicators. This procedure is open to grave 
objections not only because substances other than ascorbic acid can reduce 


these indicators, but also on account of the fact that ascorbic acid is capable of 


existing in an oxidised form which possesses a very high antiscorbutic activity 
but which is incapable of reducing indophenols. 

Harris and Ray [1933], on the basis of indophenol titrations of trichloro- 
acetic acid extracts, record the following values for the ascorbic acid content 
of germinated peas. 


Ascorbic acid content 


mg. in single 


mg. per g. seed or seedling 
Seed peas, before germination 0-00 0-00 
soaked 24 hrs. (not germinated) 0-08 0-02 
$8 ,, (germinated) 0-69 0-21 
72 ,, (germinated) 0-82 0-26 
96 ,, (germinated) 0-86 0-27 


Euler and Klussmann [1932; 1933, 1, 2] state that extracts obtained from 
dried fresh green peas and from pea seedlings varying in age from 7 to 32 days 
possess a remarkably low capacity for reducing indophenol. In the case of an 
extract of a 32-day old seedling this reducing capacity was increased ninefold by 
treatment with hydrogen sulphide, but even then its value was considerably less 
than that anticipated from its known biological activity. The spectrophotometric 
estimation of the ascorbic acid content of the extract before treatment with 
hydrogen sulphide appeared to show that it contained 100 times the amount 
of this substance indicated by the indophenol titration. On the basis of these 
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observations Euler suggests that the ascorbic acid in the germinating seedling 
is bound to “‘Hemmungstoffe,” presumably in such a manner as to inhibit its 
reducing properties, from which it is liberated by hydrolysis in the animal body. 
So far, however, his experiments with various enzymes in vitro have failed to 
substantiate this opinion. 

The experiments to be described here were undertaken in order to ascertain 
firstly whether a quantitative relationship exists between the indophenol- 
reducing capacity and antiscorbutic activity of extracts of peas in the early 
stages of germination and secondly, if no such relationship exists, whether this 
is due to the presence of an active oxidised form of the vitamin in the young 
seedling. Evidence will be produced which shows that the indophenol-reducing 
capacity of extracts is no true index of the antiscorbutic potency of the seedlings 
from which they were obtained and that the formation of the active oxidised 
form of the vitamin during the early stages of germination is unlikely. 


EXPERIMENTAL. 
Indophenol titrations of pea extracts. 


In all cases, titrations were made with V/1000 indophenol (p-dimethylamino- 
phenylindophenol) which was standardised against titanous chloride. Titrations 
in acid solution were usually carried out by adding 1-0 cc. of 80 % acetic acid 
to 5 ce. of neutral extract. 


[. Dried peas (Pisum sativum). 

The dried peas were ground in a mill and then passed through a sieve to 
remove the skins. The sieved product was then milled to a fine flour. All the 
extracts described below were prepared from this flour, typical examples of 
each series being given below. 

(a) Aqueous extract. 5 g. of pea flour were ground in a mortar for 10 minutes 
with 25 cc. of water and the mixture then left to stand for half an hour, after 
which it was centrifuged. The reaction of the supernatant liquid was adjusted 
to py 7-0 with dilute ammonia. The extract was turbid and yellow-green in 
colour. 

1 g. equivalent of the pea flour reduced 8-0 ce. of /1000 indophenol. The 
rate of reduction was relatively high at first but slowed down considerably 
towards the end. Titrations in acid solution were vitiated by the separation of 
a voluminous precipitate. A similar precipitate also separated on the addition 
of alkali. The extract did not reduce ammoniacal silver nitrate solution but it 
gave a marked nitroprusside reaction. 

(6) Phosphate extract. 5 g. of pea flour were extracted with 25 cc. of 0-87 % 
K,HPO, solution (Thunberg’s solution) in precisely the same manner as the 
above. This extract was similar in appearance and properties to the aqueous 
extract. 

1 g. equivalent of pea flour reduced 8-0 ce. of V/1000 indophenol in a similar 
manner to the previous extract. 

(c) Trichloroacetic acid extract. 20 g. of pea flour were extracted in the above 
manner with 50 cc. of 5 % trichloroacetic acid. The deep green-coloured liquid 
was adjusted to neutrality with ammonia and centrifuged. A clear light yellow- 
green extract was finally obtained. 1g. equivalent of the pea flour reduced 
2-5 ec. of N/1000 indophenol quickly in acid solution and the same amount 
rather slowly in neutral solution. The extract gave a nitroprusside reaction. 
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It also deposited fine sharp-pointed needles on making alkaline with ammonia. 
It did not reduce ammoniacal silver nitrate solution. 

(d) N/10 sulphuric acid extract. This extract was obtained from 20g. of 
pea flour and 50 cc. of N/10 sulphuric acid by the same procedure as above. 
The neutralised extract was similar in character and properties to the trichloro- 
acetic acid extract. 1g. equivalent reduced 2-5 cc. of N/1000 indophenol in 
acid solution and 3-8 cc. at a slower rate in neutral solution. 

(e) Protein-free aqueous extract. The rather low reducing capacity of the last 
two extracts seemed to show that this condition was associated with the absence 
of protein, indeed the removal of protein from aqueous extracts caused a 
diminution of their capacity for reducing indophenols, as will be seen from the 
following examples. 

20 g. of pea flour were extracted with 50 cc. of water as previously described. 
In order to free it from protein the extract was acidified with 0-5 cc. 80 % acetic 
acid and centrifuged. The supernatant liquid was then decanted, heated to 
boiling-point, cooled and filtered. The filtrate was adjusted to neutrality with 
ammonia and filtered from the small amount of flocculent precipitate which 
separated. The final solution was clear and green-yellow in colour. 1 g. equivalent 
of pea flour reduced only 2-5 ce. of V/1000 indophenol in both acid and neutral 
solution. The extract was also similar in properties to the acid extracts. 

(f) Protein-free phosphate extract. This extract was prepared in the same 
manner as the previous extract from 20g. of pea flour and 50 cc. of 0-87 % 
K,HPO, solution. It had the same character and reducing properties as the 
aqueous extract and possessed the same capacity for reducing indophenol. 

In all these extracts, the intensity of the nitroprusside colour appeared to 
be proportional to the capacity for reducing indophenol and the amount of the 
crystalline precipitate obtained with ammonia from the protein-free extracts 
was always greatest in those which gave the most intense nitroprusside reaction. 
The presence of a reducing substance other than ascorbic acid, which would 
reduce indophenol, was anticipated from the work of Kozlowski [1926; 1931] 
who isolated from peas a compound which contained cysteine and resembled 
glutathione. Whether the reducing substance met with here is identical with 
the one which Kozlowski isolated from peas has not been determined, but the 
crystalline material precipitated from the protein-free extracts by ammonia 
certainly resembles a similar substance which he found associated with his 
glutathione-like compound and which evidently can be obtained from the latter 
by hydrolysis. 


Il. Germinated peas. 

The peas were soaked for 24 hours and then spread out on a layer of wet 
clean silver sand and lightly covered with drier sand so that they could respire 
freely. After 3 days, the seedlings were taken up, washed free from sand and 
the skins removed before extracts were prepared from them. The sand was well 
washed after each germination. 

Taking the dry weight of the seed peas as 100 %, the average dry weights 
of some 30 batches of soaked and germinated seeds were 53 °% and 43 % respec- 
tively. The average length of the radicles of the same batches of seedlings was 
4-2 cm. The variations from these averages were small. 

(a) Aqueous extract. 25 g. of germinated peas were finely ground in a mortar 
with 10 g. of clean sand and 50 ce. of water. The residue obtained by squeezing 
the mixture through muslin was again ground until it was uniformly fine. The 
watery extract was then added to it and the mixture well ground once more, 
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after which it was left to stand for half an hour. It was finally squeezed through 
muslin and the liquid centrifuged. The resulting extract, which was almost 
neutral (p;,; 6-0) was yellow-green in colour and turbid. The addition of acids 
or alkalis caused the separation of a bulky precipitate. The titrations varied 
a great deal and only a few of the extracts gave a nitroprusside reaction. None 
of them reduced ammoniacal silver nitrate in the cold. The average titrations 
of 35 such extracts were 1-1 cc. and 0-9 cc. N/1000 indophenol at acid and 
neutral reaction respectively per g. equivalent of germinated pea. 

(6) Phosphate extract. This extract was prepared in the same manner as the 
above, except that the germinated peas were extracted with 50 cc. of 0-87 % 
K,HPO, solution. The extract, which was darker in colour than the aqueous 
extract, invariably gave a nitroprusside reaction and like that extract it did 
not reduce ammoniacal silver nitrate in the cold. It was also almost neutral 
in reaction and gave heavy precipitates with acids and alkalis. The indophenol 
titrations in this case were fairly uniform. The reduction of the indicator, 
however, was a composite effect which was due to at least two reducing sub- 
stances. One of these substances, like ascorbic acid, reduced the indicator very 
quickly in acid and more slowly in neutral solution. The other, which was 
most probably the substance which gave the nitroprusside reaction (possibly 
Kozlowski’s glutathione compound), reduced the indicator at a slower rate at 
both acid and neutral reaction. The average titrations due to the rapidly re- 
ducing substance or substances of 35 such extracts were 2-65 ec. and 2:5 cc. of 
N/1000 indophenol at acid and neutral reaction respectively per g. equivalent 
of germinated pea. 

(c) Trichloroacetic acid extract. 50 g. of germinated peas were extracted with 
75 ee. of 5 % trichloroacetic acid by the same procedure as above. After centri- 
fuging, the extract was neutralised with ammonia and filtered. The final solution 
was light green-yellow in colour and slightly turbid, due probably to the starch 
which it contained. It invariably gave a nitroprusside reaction and deposited a 
crystalline substance (sharp-pointed needles) on making alkaline with ammonia, 
which was identical with that obtained from the dry pea flour. Its ability to 
reduce ammoniacal silver nitrate was doubtful, it inhibited the reduction of 
this reagent by decitrated lemon juice. 

In the case of this extract, the extent of the reduction of indophenol by the 
substance or substances which reduced it rapidly was more easily ascertained 
than in the case of the phosphate extract. 1 g. equivalent of the extract had, 
thus, an average titration of 2-2 cc. of N/1000 indophenol at both acid and 
neutral reactions. : 

(d) Sulphuric acid extract. 50g. of germinated peas were extracted with 
100 ce. of N/10 H,SO, in the same manner as in the case of the trichloroacetic 
acid extract. The final preparation was clear and contained no starch. Its 
properties were usually the same as those of the previous extract though it 
generally gave a more intense nitroprusside reaction than the trichloroacetic acid 
extract and deposited a greater abundance of the needle crystals on making 
alkaline with ammonia. 1 g. equivalent of the germinated peas reduced quickly 
2-0 cc. N/1000 indophenol at both acid and neutral reactions. 

(e) Aqueous cyanide extracts. It is now well known that the oxidation of 
ascorbic acid is greatly retarded by the presence of cyanides [Szent Gyorgyi, 
1928; Euler, Myrbaick and Larsson, 1933]. It was, therefore, desirable to 
examine extracts prepared with solutions containing cyanides. The extract was 
obtained from 25 g. of germinated peas with 50 cc. of water containing | cc. 
of 5 % NaCN solution by the procedure already described for the simple aqueous 
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extract. The protein was removed from it with acetic acid in the same manner 
as in the case of the aqueous extract of dry pea flour. The final preparation was 
very similar in all its properties to the sulphuric acid extract described above. 
An average of several titrations showed that 1 g. equivalent of germinated peas 
rapidly reduced 2-4 cc. and 2-6 cc. N/1000 indophenol in acid and neutral 
solution respectively. 

(f) Cyanide-phosphate extracts. The procedure followed here was precisely 
the same as in the previous case. A mixture of 1-0 cc. of 5 % NaCN and 8-5 ce. 
of 0-87 % K,HPO, solutions diluted to 50 cc. was used to extract 60g. of 
germinated peas. These preparations gave a more intense nitroprusside reaction, 
deposited more crystals on making alkaline with ammonia and had, consistently, 
a greater capacity for reducing indophenol quickly than the corresponding 
aqueous extract. The indophenol titrations were quite uniform. The averages 
for 42 such extracts per g. equivalent of germinated peas were 3-0 cc. and 3-4 cc. 
N/1000 indophenol in acid and neutral solution respectively. 

The effect of hydrogen sulphide on various extracts of germinated peas. The 
presence in these extracts of the active oxidised form of the vitamin, which is 
incapable of reducing indophenol, was next considered. Attempts were made 
to convert any such form, if present, to the reduced form by treatment with 
hydrogen sulphide. Three extracts were used (1) trichloroacetic acid, (2) depro- 
teinised aqueous extract, (3) deproteinised cyanide-phosphate extract. The treat- 
ment with hydrogen sulphide was carried out in the manner previously described 
[Johnson, 1933]. Table I shows the reducing capacities of these extracts before 


Table I. 


ee. V/1000 indophenol reduced by 
l g. equivalent 


Before treatment with After treatment with 
hydrogen sulphide hydrogen sulphide 

Acid Neutral Acid Neutral 

Extract solution solution solution solution 
Aqueous extract 0-0 0-0 0-3 0-3 
Trichloroacetic acid extract 1-8 1-8 2-0 2-0 
Cyanide-phosphate extract 2-3 2-3 2-5 2-5 


and after treatment with hydrogen sulphide. The small increments shown cannot 
be considered significant. 

Distribution of indophenol-reducing substances between cotyledons and radicles 
of germinated peas. 70 g. of germinated peas were divided into cotyledons and 
radicles. The former weighed 60 g. and the latter 10 g. 

The cotyledons were extracted with 50 cc. of 5 % trichloroacetic acid in 
the manner already described. The neutralised extract, which was clarified with 
a small amount of alumina gel, gave a marked nitroprusside reaction and de- 
posited needle crystals with ammonia in good yield. 

1 g. equivalent reduced 3-3 ec. of V./1000 indophenol quickly in acid solution 
and 3-5 ec. in neutral solution. 

The radicles were extracted with 20 cc. of 5 °% trichloroacetic acid in the 
same manner as the cotyledons. 

The final preparation, which was only faintly coloured, gave only a very 


doubtful nitroprusside reaction, and deposited an exceedingly small amount of 


needle crystals on adding ammonia. 1 g. equivalent reduced 4-3 cc. and 4-5 ce. 
NV /1000 indophenol quickly at acid and neutral reaction respectively. 
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There appeared to be only one indophenol-reducing substance present in 
the radicles judging from the decisiveness of the end-points in the titrations 
and the absence of substances giving a nitroprusside reaction. 

It will be seen that though the radicle has a greater indophenol-reducing 
capacity per g. than the cotyledons, the latter nevertheless possess 5/6 of the 
total amount of the reducing substances. Whether this ratio represents the 
distribution of ascorbic acid, can only be decided by future work. It may be 
that the reduction of indophenol in the case of the extract of the radicle is due 
only to ascorbic acid but this does not seem to be the case with the extract of 
the cotyledon. 

Biological tests. 


It was not possible to examine all the above preparations biologically for 
vitamin C content. Representative experiments were, therefore, performed 
which were calculated to shed some light on the quantitative relationship 
between the biological activity and the reducing capacity. 

(1) Dried peas. To four guinea-pigs kept on the usual basal diet used in 
this laboratory, a daily dose of 2-5 g. of ungerminated peas was given in the 
form of flour. All the animals succumbed in the usual way to scurvy within 
the usual time. 

(2) Germinated peas. Daily doses of 1-0, 2-5 and 5-0 g. were tested in this 
| case and the results are given in Fig. 1. Under the conditions of germination 
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described above the peas were found to contain about 43 °% of dry matter. 
There was no serious deviation from this figure. 

(3) Aqueous extract. Three guinea-pigs were used in this experiment. A daily 
dose of an equivalent of 2-5 g. of germinated peas delayed somewhat the onset 
of scurvy, but all the animals died of the disease between 40 and 45 days. The 
daily dose of this extract reduced about 2-5 cc. of N/1000 indophenol. A dose 
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of ascorbic acid of an equivalent reducing capacity (about 0-25 mg.) would 
have afforded very much better protection [¢f. Hirst and Zilva, 1933]. 

(4) Phosphate extract. Daily doses of an equivalent of 2-5 g. of germinated 
peas were tested on three guinea-pigs and as will be seen from Fig. 1, the pro- 
tection was very much less then than that obtained with 2-5 g. of germinated 
peas. Furthermore, the average dose reduced about 6-0 cc. of N/1000 indophenol 
which should be equivalent to 0-5 mg. of ascorbic acid. The antiscorbutic potency 
of this dose, however, falls somewhat but definitely short of that observed with 
0-5 mg. of ascorbic acid [Hirst and Zilva, 1933]. The titration value of this 
extract gives, therefore, no quantitative index of the antiscorbutic potency of 
the germinated peas from which it was obtained since, in the first place, the 
vitamin is not thoroughly extracted and, secondly, the reducing capacity of the 
extract is apparently not entirely due to ascorbic acid. It should be pointed 
out that these extracts were prepared for the best part of the duration of the 
test from the germinated peas tested above. 

(5) Cyanide-phosphate extract. These results are also given in Fig. 1. The 
average daily dose which was equivalent to 2 g. of the germinated peas reduced 
about 6-0 cc. of V/1000 indophenol. In this case also the equivalent extract 
was less potent than the germinated peas from which it was obtained and its 
capacity for reducing indophenol was rather higher than it would have been 
had the reduction been due to ascorbic acid alone. 


DISCUSSION OF BKSULTS. 


Concerning the first aim of this investigation, namely, to ascertain whether 
a quantitative relationship exists between the indophenol-reducing capacity 
and the antiscorbutic activity of extracts of peas and the peas themselves, it 
may be said that the above results supply fairly conclusive evidence. As was 
seen, the phosphate and phosphate-cyanide extracts showed only half of the 
antiscorbutic activity of the peas from which they were obtained. Furthermore, 
these extracts, as well as the aqueous extract, were found to be less active 
antiscorbutically than would have been expected if their capacity for reducing 
indophenol was due solely to ascorbic acid. There was present in these extracts 
at least one other reducing substance which, though it reduced indophenol 
more slowly than ascorbic acid in the last stages of the titration, reduced this 
indicator fairly quickly at the beginning of the titration, particularly when its 
concentration was relatively high. It is evident, therefore, that the presence of 
such substances would seriously vitiate the end-point of an ascorbic acid esti- 
mation by indophenol. 

It is highly probable that the other extracts (trichloroacetic acid and sul- 
phuric acid), which possessed reducing capacities of a similar order and which 
showed similar chemical properties to the above, would also be less potent 
antiscorbutically than the peas from which they were obtained. 

With regard to the second problem of this investigation, it seems certain 
from the evidence obtained that the activity of the peas is due entirely to the 
reduced form of the vitamin. It was seen that treatment with hydrogen sulphide 
did not increase the indophenol-reducing capacity of the extracts as would 
have been the case if the active oxidised form of the vitamin had been present. 
Further, the presence of the latter would have imparted to them a higher anti- 
scorbutic activity than would have been anticipated from the indophenol titra- 
tions instead of a lower. 

The lesser activity of the extracts than that of the peas from which they 
were prepared can best be explained on the grounds that it is not possible, by 
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the methods used, to extract the vitamin completely. This, incidentally, shows 
the ease with which misleading results may accrue from testing extracts instead 
of tissues. 

If it should be that a part of the vitamin is bound to ‘‘ Hemmungstoffe,” as 
Euler suggests, it would seem most probable that such a complex would be 
insoluble or otherwise inextractable. 

The stabilising influence of phosphate on the vitamin, which is at present 
inexplicable, has already been indicated by the work of Euler, Myrback and 
Larsson [1933]. 

SUMMARY. 


1. A number of extracts have been prepared from peas germinated for 
3 days and both their indophenol-reducing capacities and their antiscorbutic 
activities have been determined. 

2. The extracts with even the highest indophenol-reducing capacity were 
found to possess only half the antiscorbutic activity of the germinated peas 
from which they were obtained. 

3. Aqueous, phosphate and cyanide-phosphate extracts were found to be 
less active antiscorbutically than would have been expected if their indophenol- 
reducing capacity had been entirely due to ascorbic acid. 

4. All extracts from the germinated peas contain at least one substance 
other than ascorbic acid which reduces indophenol. 

5. No evidence was obtained which shows that the active oxidised form of 
the vitamin is present in the early stages of germination. 

6. The ungerminated peas, which showed no antiscorbutic activity when 
tested in quantities of 2-5 g., gave extracts which also reduced indophenol, 
though at a rather slower rate than ascorbic acid. 


My thanks are due to Dr 8S. 8. Zilva for help and criticism and to the Medical 
Research Council for a whole time grant. 
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HENRIQUES AND HANSEN [1901] compared the setting-points and iodine values 
of fats from the leaf and from different layers of the back fat of a pig, which had 
been fed on barley. From the results (summarised below) they concluded that 


























the determining factor in the relative hardness or softness of the fats was the 
temperature of the site in which the fat had been laid down in the animal: 


Solidifying Body tem- | 

point lodine peratures 

C. 4 - } | 
Outer back fat P value C. 
(outermost 60-0 ‘1 cm. deep 33-7 
{inner layer 26-4 57:1 2 * 34-8 

Inner back fat Back tissue 4 

outer laye1 28-0 51-8 |: “~ 37-0 
{innermost 27°7 50-6 4 - 39-0 
Perinephric fat 29-6 17-7 Rectum 39-9 


They obtained further support for this hypothesis by maintaining three pigs 
from the same litter for two months at different (but in each case approximately 
constant) temperatures—one at 30-35°, one at 0° and one at 0° but covered with 
a sheepskin coat: the iodine values of the outermost layers of the back fats from 
these animals, at the end of the period, were respectively 69-4, 72-3 and 67-0. 

In previous parts of this series | Bhattacharya and Hilditch, 1931; Banks and 
Hilditch, 1932], in the course of detailed analyses of fats from a number of pigs 
fed on various diets, the differences in the amounts of component acids which de- 
termine the general hardness or softness of the fats as a whole were defined. Inter 
alia, and in agreement with Henriques and Hansen, it was observed in all cases 
that the average composition of the outer layer of back fat (between the skin and 
the “‘streak,” or thin layer of connective tissue) differed from that of the fat on 
the inner side of the streak. This difference consisted in the presence of somewhat 
less stearic and palmitic acids, and of correspondingly greater proportions of 
oleic acid, in the fat of the outer as compared with the inner layer; the propor- 
tions of linoleic and of myristic acid were almost the same in each layer. 

The primary object of the experiments recorded in the present paper was to 
ascertain whether the respective layers of fat on either side of the “‘streak”’ are ! 
homogeneous, or whether there is a progressive alteration as the skin is ap- 
proached; in other words, to extend the earlier work of Henriques and Hansen 







by obtaining more definite information concerning the component fatty acids 
in successive lateral sections of the back fat of a pig by means of the modern 
For this purpose, the central portion of the 







ester fractionation procedure. 
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whole of the back fatty tissue from a very fat sow was divided into five layers of 
approximately equal thickness (two from the “outer” portion between the skin 
and ‘‘streak,” and three from the “inner” portion beneath the “‘streak’’). 

The sow had been fed exclusively on a diet of maize meal, thirds and whey, 
and care was taken to select an animal which had not received any fish meal in 
order to exclude any possible entrance of marine oil acids from the latter into the 
body fat. The unusually high linoleic acid content and appreciable, if small, 
amounts of highly unsaturated acids of the C., and C,, series observed by Banks 
and Hilditch [1932] in the body fats from a sow, whose food had contained 7 °% 
of fish meal, had been attributed to the presence of the latter in the diet. In 
their proportions of linoleic and highly unsaturated C,, and C,, acids, however, 
the fats from the present animal were found to be remarkably similar to those 
of the previous case, and, as discussed later, it would now seem that, in these 
instances, the cause must be sought elsewhere than in the fish meal components 
of the feed. 

The fat was extracted from the tissues by boiling them twice with acetone, 
after which the residual tissue was thoroughly pressed and finally washed three 
times with hot acetone. The last traces of solvent were removed from the fats 
by heating under vacuum at 100°. 


Table I. 


Extracted fat Mixed 
i ; acids 
Fat in Saponifi- M.P. (open setting- 
tissue cation lodine tube) point 
Outer laver % equivalent value C C. 
outside (“Outer I’) 66 287-1 70-4 30-3 37-7 
inside (“Outer IL”’) 72 286-9 67-4 33:3 39-4 
Inner layer 
outermost (“Inner 1”) 9] 286-2 62-9 38-0 10-8 
middle (‘Inner IL’’) 92 286-3 63-0 38-3 41-0 
innermost (“Inner LII”’) 88 286-5 62-8 38-3 10-9 


The component acids present in each fat were determined by the same 
procedure (separation by means of the lead salts into “solid” and “‘liquid”’ 
acids, followed by fractional distillation under vacuum of the methyl esters of 
each of these groups of acids) as that followed in the previous study of sow body 
fat [Banks and Hilditch, 1932]. As in the latter case, the higher and the residual 
fractions from the methyl esters of the “liquid” acids possessed saponification 
equivalents and iodine values which indicated, in each instance, the presence in 
small amounts of highly unsaturated acids of the Cy, and C,, series; their pro- 
portions were approximately calculated by the same method as that described in 
the paper cited. 

Since it has recently been shown that palmitoleic, or a similar, acid occurs in 
small quantities in some body fats, for instance, in that of the rat [Banks ef al. 
1933], a portion (91-6 g.) of the methyl esters of the “‘liquid” acids from fat 
‘Inner III” of the present series was distilled separately from that employed in 
the main analysis. About one-third of the whole (31-0 g.) was collected as a first 
fraction; this quantity was sufficient to include practically the whole of any 
unsaturated esters of acids lower in the series than oleic acid. This fraction was 
oxidised in acetone solution with potassium permanganate until practically all 
unsaturated material had disappeared and yielded 5-1 g. of almost saturated 
esters (iodine value 0-8, saponification equivalent 263-0). Since the original 
fraction oxidised had an iodine value of 89-8 and a saponification equivalent of 
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it follows that the unsaturated esters present therein must have had an 
iodine value of 107-3 and a mean equivalent of 292; the purest fraction of 
unsaturated C,, esters subsequently isolated at a later part of the original 
fractionation had iodine value 107-0, saponification equivalent 294-0. From this 
experiment it appears very unlikely that unsaturated acids of lower molecular 
weight than oleic acid occur in the body fat of the pig; if present, they cannot 
1 % of the component fatty acids. 


286-0, 


form much more than about 


Summarised data for component fatty acids of the sow back fats. 


Table I. 


Fatty acids (excluding 
unsaponifiable matter) 
Liquid : 
acids L Total o% (wt.) °% (mols.) 


(203-0 g.*) 


Solid 
acids S 


Outer I (outer layer, outside). 


(33- 


7%) (66-3 9) 
2-30 


1-19 


0-27 
22-61 
10-12 
0-70 


Myristic 

Palmitic 

Stearic 

Olei 

Linoleic 

Cy)». unsaturated 


[ nsaponifiable 0-19 


Outer II (outer layer, inside). 


(37-0 %%) (63-0 °,) 


Myristic 

Palmiti« 

steari 

Oleic 

Linolei« 

( 5 unsaturated 
Unsaponifiable 


Myristi 

Palmiti 

Stearic 

Olei 

Linoleic 

Cs, oo unsaturated 


Unsaponifiabl 


Myristic 
Palmiti 

tear 

Oleic 

Linolei« 

( 99 unsaturated 


| nsaponifiable 


Myristi« 

Palmitic 

steari 

Olei 

Linoleic 

Coo_oo unsaturated 


| ‘nsaponifiabl 


* 


0-14 
22-84 
12-98 
1-03 


2-66 


0-58 


41-87 
15-59 
2-09 
0-21 


Inner I (inner layer, outermost). 


(39-6 ©, 


0-39 
24-23 
14-5] 
0-47 


Inner LI (inner layer, middle). 


(39-7 
0-20 
24-44 
14-49 


0-57 


Inner III (inner layer, innermost). 


0-01 


) 


o) 


(60-4 oy 


9.59 
2-53 


O-D4 


42-19 
13-85 
1-06 
0-20 


(60-3 % 


aod 


0-97 


40-70 
14-46 
1-44 
0-16 


(60-7 ‘ 
2.9? 


0-72 


41-84 
13-66 
1-40 
0-16 


) 


2 
14-5] 
42-66 
13-85 
1-06 

0-20 


(200-8 g.) 


) 
2.77 


25-41 
14-49 
$1-27 
14.46 
1-44 
0-16 


(310-0 g.) 


) 


3-00 
24-50 
14-53 
42-74 
13-66 
1-40 
0-17 


Weight of mixed fatty acids employed in the analysis. 
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Apart from these points, the fractionation analyses followed our usual practice, 
and it is perhaps sufficient (owing to considerations of space) to summarise the 
results (Table II) in the form adopted in several recent communications from 
this laboratory. 

The relationships between the various component acids of this series of fats, 
compared on the basis of molar percentages, will be seen more clearly from the 
summary in Table III. 

Table ITT. 
(i) Molar distribution of individual acids. (: 


20-22 





Fat Myristic Palmitic Stearic Oleic Linoleic unsaturated 
Outer I 31 25-6 9-8 45-0 14:8 1-7 
I] 3-4 25-1 12-6 41-8 15:3 1-8 
Inner I 3°5 26-6 14-0 41-4 13-6 0-9 
II 3°3 27-2 14-0 40-1 14-2 1-2 
III 3°6 26-2 14-0 41-6 13-4 1-2 
(ii) Molar percentages of the various groups of acids. at at 
Total Total saturated to 
saturated acids C\, acids Stearic acid unsaturated acids 
Outer I 38-5 69-6 9-8 0-63 
» I 41-1 69-7 12-6 0-70 
Inner I 44-1 69-0 14-0 0-79 
~ oo 44-5 68-3 14-0 0-80 
Til 43-8 69-0 14-0 0-78 


DISCUSSION. 


Before comparing the differences between the successive layers of fat from 
the back of this animal, we would point out that all the five fats share in common 
an unusually high content of linoleic acid and also a proportion of highly 
unsaturated Cy) .. acids which, though small, is definitely higher than the 
amount (up to 0-4 °%) shown by Brown and Deck [1930] to be characteristic for 
normal lards. Further, so far as these particular acids are concerned, all the 
present fats display a great similarity to those previously studied from a sow 
whose diet had contained about 7 % of fish meal. 

In the present instance the diet cannot well account for these peculiarities. 
It is unlikely that fat present in the maize meal is a contributory factor since, 
although this fat is of a fairly unsaturated type, it is no more so than that of 
barley or oats, which have been employed by other workers and which in their 
experience have not given rise to this type of body fat in pigs. Moreover, the 
sow fats now in question show the normal proportion of palmitic and myristic 
acids, whereas the work of Ellis et al. [1931] showed, as the result of feeding 
cottonseed oil (a fat similar in linoleic acid content to maize oil) to pigs, that the 
proportion of palmitic acid in the hog back fats fell markedly as that of linoleic 
acid rose (with increasing proportions of cottonseed oil in the diet). In any case, 
of course, the appreciable amounts now observed of unsaturated C.) and C,, acids 
cannot be associated with any part of the diet. 

We are accordingly inclined to the view that the high linoleic acid and 
appreciable unsaturated C,, 5. acid contents of the sow fats are due to some 
cause other than the dict. The most obvious difference in the two categories is, as 
a matter of fact, in the ages of the animals from which the fats were taken. In 
the studies of Ellis et al. [1926; 1930; 1931] on the body fats of hogs fed on 
rations low in fat, and also in those of Bhattacharya and Hilditch [1931], and in 
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other cases in which a low content of linoleic acid (from 1 % to not more than 
about 8 %) has been observed, it is noticeable that the fats were taken from young 
animals not more than about seven or eight months old. The two sows, whose 
fats have been examined and found to contain about 13-15 °% of linoleic acid 
and 1-2 % of highly unsaturated acids of the Cy, and C,, series, were probably 
several years old when slaughtered. It thus seems very possible that these 
general differences in body-fat composition may be connected with the age of the 
animal rather than with its diet. 

Turning now to the component fatty acids of the different layers of back 
fat from the same animal (Table ITI), it must be said that the composition of 
each of the three “inner” layers is identical, or, at least, any variation is within 
the limits of experimental error of the ester-fractionation method. The part of 
the “outer” layer next to the “inner” layer (but divided from it by the “‘streak”’) 
is also very similar to the “‘inner” layers, but here the stearic acid content is 
definitely lower. The outermost layer of all differs most in composition from the 
rest, for in this case the stearic acid content is about 4 units ° lower, and the 
oleic acid correspondingly higher, than in the ‘‘inner” layer fats. Both sections 
of the “outer” layer of fat also contain slightly less palmitic acid than the 
“inner” layers, but this difference is not so marked as in the case of the stearic 
acid figures. 

In Part II of this series of papers [Banks and Hilditch, 1932] it was pointed 
out that, in the depot fats of pigs and cattle, the molar content of C,, acids is 
always in the neighbourhood of 70 %, rising to about 73 °% with very unsaturated 
fats and falling to about 65 % in the more saturated fats, and that the actual 
degree of relative saturation is controlled, almost wholly, by the relative propor- 
tions of stearic and oleic acids (linoleic acid being more or less constant in 
proportion for different fats from different parts of the body of the same 
animal). This feature is well illustrated by the present group of fats, in which 
the softer (outer) fats contain about 69-7 °% of total C,, acids in their component 
acids, whilst the more saturated (inner) fats contain 69-0 °{ or somewhat less. 
The main difference responsible for the difference in consistency lies in the 
varying proportions of stearic (9-8—14-0 %) and oleic (45-0-ca. 41-5 %) acids. 

The progressive increase in mean saturation and the close identity in com- 
position of all the “‘inner” layers of fat are perhaps best seen by reference to the 
final column of Table III (ii), in which the molar ratios of saturated to un- 
saturated acids as a whole in each fat are given. 

On the whole, the present data confirm the conclusion of Henriques and 
Hansen that the increase in saturation (i.e. in stearic acid content) of the back 
fat follows the increase in body temperature. The figures given by these workers 
for the “‘inner layers” of fat (iodine values 51-8 and 50-6) also indicate close 
similarity in composition, although the respective body temperatures quoted 
were somewhat different, viz. 37-0° and 39-0°. In our experiments, the actual 
amount of fat of constant composition formed at least two-thirds of the whole 
back fat, and increasing unsaturation (oleic acid content) was only marked in 
the extreme outer layers. Since, however, the total thickness of the back fat of 
our animal appears to have been greater than that of the pig studied by the 
earlier workers, we consider that this may well account for the minor differences 
between the two series of observations, and that our detailed analyses confirm, 
so far as the fat nearest the skin is concerned, the apparent connection between 
the fat composition and the body temperature which Henriques and Hansen 
pointed out. 

Cuthbertson and Tompsett [1933] have recently observed that the outer and 
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inner layers of the panniculus adiposus abdominalis in obese human subjects 
possess substantially the same iodine values and suggest therefrom that an 
explanation of variation in fat composition based on dietary considerations is 
more probable than one based on temperature differences. It would appear, 
however, that, in the case of human subjects, the effect of clothing would 
minimise any temperature differences. The results obtained by Cuthbertson and 
Tompsett are accordingly of the nature which would be expected, in view of 
Henriques and Hansen’s experiment with a pig wrapped in a sheepskin. More 
detailed examination of the fat from human adipose tissues than the mere 
determination of iodine values would have been of extreme interest. 

We venture to add a few words upon the broader question of the supposed 
general dependence of fat composition in plants and in animals on the tempera- 
ture at which the fat is laid down—a matter upon which there seems to be some 
confusion of thought at the moment. Thus, Hammond [1933] has recently said 
that “‘Fat to be of use as a source of energy in the body must be just fluid at the 
natural body temperature, and as a consequence the fat of cold-blooded animals 
(fish) is of very low melting-point, while the fat of the sheep which has a high 
body temperature (104° F.) is of higher melting-point than that of the bullock 
with a lower body temperature (101° F.).”’ Whilst it is clear that fats present in 
an animal (or plant) must be almost completely, if not wholly, liquid at the 
natural temperature of the organism, it does not necessarily follow that warm- 
blooded animals or tropical plants always produce fats of higher melting-point 
and more saturated character than cold-blooded animals or plants which are 
indigenous to cool regions. 

The instances of fats of fish, sheep and bullock given in the quotation, for 
example, should be considered in conjunction with those of such animals as the 
rabbit (body temperature 103-104° F.) or the hen (104-108° F.). Whilst sheep 
fat contains only about 40 % of unsaturated acids (mainly oleic), rabbit fat 
contains nearly 70 °%, most of which is linoleic acid, with appreciable quantities 
of still less saturated acids. Again, hen fat contains about 70 °% of unsaturated 
(oleic and linoleic) acids, in spite of the high body temperature of the bird; this 
fat is, indeed, almost completely liquid at room temperature. Further, the rat, 
with a body temperature of 100° F. (lower than that of the rabbit) contains 
about the same high proportion of unsaturated acids [Banks e¢ al., 1933], but 
these consist almost wholly of oleic acid: the more unsaturated linoleic acid, 
present in great quantity in rabbit fat, is almost absent from that of the rat. 

It has also become usual to connect the liquid, very highly unsaturated fats 
of fish with their low body temperature; yet marine mammals such as the whale, 
dugong (102-104° F.) or porpoise (96—98-6° F.) have body temperatures of the 
same order as those of land animals, whereas their fats are very closely similar 
in composition to the fish oils, and include the same series of highly unsaturated 
acids, 

Similarly, the occurrence of fats, solid at the normal temperature of tem- 
perate regions, in the seeds of the members of a fairly large number of tropical 
plant families has led to the superficial generalisation that plants of tropical 
origin yield fats of high melting-point and those of cooler regions fats of low 
melting-point. Low-melting vegetable fats are, in actual fact, common to both 
temperate and tropical plants, and, while it is obviously true that tropical 
families such as Palmae or Guttiferae yield solid seed fats with high contents of 
combined lauric, stearic or other saturated acids, it is equally true that many 
plants of exclusively tropical habitat produce seed fats of a liquid and highly 
unsaturated character. Familiar instances are those of Hevea brasiliensis 
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(rubber seed oil), Perilla ocimoides (perilla oil), Alewrites Fordii (China wood oil), 
Couepia grandiflora (oiticica oil), Carthamus tinctorius (safflower seed oil), 
Gossypium sp. (cotton seed oil), whilst many others might be given. 

No wide generalisation can therefore safely be drawn between temperature 
and the composition of natural fats as a whole. Fats which are solid at the 
normal temperature of plants or animals are obviously incompatible with their 
conditions of life, but, of animals and plants which exist under relatively warm 
conditions, some utilise fats of a relatively saturated (solid) character, but others 
resemble the cold-blooded animals and temperate plants in having fats of a more 
unsaturated and liquid type. The chief correlation which at present seems possible 
is rather with their biological relationships and classification than with tempera- 
ture. 





























The back fat of a sow was divided into five layers and the composition of the 
mixed fatty acids present in each layer was determined. The component acids of 
the three “inner” layers (on the underside of the “‘streak”’) were found to be 
practically identical, but the outermost layer contained slightly less palmitic 
acid and about 4 % less stearic acid, these being compensated by the presence 
of correspondingly more oleic acid. The inner part of the “‘outer” layer was 
intermediate in composition between the last-mentioned fat and the three 
“inner” layers, but resembled the latter more closely. 

The detailed analytical figures afford general confirmation of the conclusion 
of Henriques and Hansen [1901], that there is a close relation between increase 
in saturation of the fat and increasing body-temperature. At the same time, the 
greater part of the back fat now examined (i.e. the portion beneath the “‘streak’’) 
was evidently completely homogeneous and made up of the same mixture of 
mixed glycerides containing constant proportions of the various component 
acids. 

The animal, from which the present fat was obtained, had received a diet of 
maize meal, thirds and whey; but the depot fatty acids were characterised 
throughout by the presence of about 15 % of linoleic acid and 1-2 % of highly 
unsaturated acids of the C,, and C,, series. These values are probably not due 
to the diet of the animal but are characteristic of pigs of considerable age. 

The general statement, not infrequently encountered, that warm-blooded 
animals and plants of tropical origin produce more solid, saturated fats than cold- 
blooded animals or plants from cool regions is shown to be only partially true. 


\ 
SUMMARY. 


2 








We are indebted to Dr E. M. Cruickshank for very kindly collecting for us 
some of the information relating to the body temperatures of various animals. 
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ALTHOUGH the sugars and polysaccharides have been successfully investigated 
by purely chemical methods in recent years, certain points in the complete 
elucidation of their structure remain obscure. For example, methods involving 
oxidation, reduction and methylation afford no clue to the type of linking be- 
tween sugar molecules, but by utilising enzymes of appropriate specificity it has 
been possible to assign a specific linking to the hexose molecules composing some 
of the commoner di- and tri-saccharides. 

The present communication concerns the use of yeast fructosaccharase as an 
agent in the elucidation of the specific rotation of (2, 5)-fructose as liberated 
from sucrose, and of the unimolecular velocity constant of the change of (2, 5)- 
fructose to equilibrium fructose. 

From evidence derived by methylation procedure, sucrose appears to be 
1-(1, 5)-glucosido-2-(2, 5)-fructoside [Avery et al., 1927; Haworth ef al., 1927, 
1, 2]. The configuration of the fructose 2-carbon atom is an open question. That 
of the glucose 1-carbon atom also is regarded by Haworth in the same light, but 
nevertheless there are the following reasons for assigning the «-form to the 
glucose component. 

(a) Hudson [1908] found that after an almost instantaneous hydrolysis of 
sucrose by invertase, the mutarotatory fall continued long after the mutarotatory 
effects due to the fructose portion were presumed to have ceased. (The mutaro- 
tation of normal fructose is much more rapid than that of glucose, and in the 
present instance, as will be shown, one reaction involved is even faster, viz. the 
change of fructofuranose to fructopyranose.) Hudson concluded that the 
x-mutarotation at so late a period was due to «-glucose. 

(6) Sucrose is not hydrolysed by emulsin (8-glucosidase). 

(c) According to Weidenhagen [1929], yeast maltase («x-glucosidase) hydro- 
lyses sucrose as rapidly as maltose at p,, 7, the optimum for the enzyme, but 
hydrolyses neither sucrose nor maltose at py, 4:7, the optimum for fructosac- 
charase (8-h-fructosidase), so that the reaction at p,, 7 was not due to the latter 
enzyme. If this is confirmed, it affords evidence of the presence of «-glucose in 
the sucrose molecule. 

Hudson [1909] could observe no striking change in rotation at the outset of 
his very rapid hydrolysis, and he concluded that the combined rotations of the 
products were equal to that of the sucrose. Assuming the one component to be 
«-glucose, he calculated the specific rotation of the fructose component as follows. 

Since 1 g. of sucrose ({x]p= +66°) yields 0-525 g. of glucose ([«]p)= + 109°) 
and 0-525 g. of fructose ([«]p=), then 0-525 (109+ x) =66, ¢.e.x=+17 
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Hudson’s deduction from qualitative data is not entirely satisfactory, since 
nothing was known of the transformation of fructofuranose to equilibrium 
fructose; if this change were instantaneous or nearly so, it is evident that an 
inability to record an initial rise in rotation would be no foundation for the above 
calculation. The results obtained in the present investigation from strictly 
kinetic data, have, however, confirmed Hudson’s calculation and have shown 
that the change from fructofuranose to equilibrium fructose is unimolecular, 
kim" —0-3, between p,, 4-6 and 6-1. 

With suitable concentrations of yeast fructosaccharase and sucrose, it is 
possible to obtain an accurately unimolecular inversion up to the stage of some 
60-70 % hydrolysis, and it is with data furnished during this period that the 
present investigations are concerned. The rotational change of the enzyme 
sucrose mixture, suitably buffered, is followed polarimetrically. To aliquot 
portions of the same reaction mixture is added from time to time dilute ammonia 
in suitable volumes to arrest hydrolysis and to accelerate mutarotation. The 
final rotations of these portions, after correction for the slight rotation of the 
enzyme preparation and the dilution by ammonia, indicate the extent of inver- 
sion at the respective times. The results of such an experiment in which inversion 
was carried to the end of the strictly unimolecular stage are given in Table I 
(Exp. 1) and shown graphically in Fig. 1, in which observed rotations are plotted 
against time. Curve (b) represents the rotation of the mutarotating solution, 
curve (c) that of the mutarotated solution after applying the necessary correc- 
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Fig. 1. 
(a) Rotation sucrose + mutarotating glucose. 

(5) Rotation sucrose + mutarotating glucose and fructose. 
(c) Rotation sucrose + mutarotated glucose and fructose. 


Py 46. 


Inversion of sucrose by fructosaccharase. Temperature 17°. 
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tions, curve (a) that of unchanged sucrose plus mutarotating glucose, arrived at 
by calculation as indicated below. The difference between curves (a) and (b) at 
any time point therefore represents the rotation due to fructose at that instant. 
Curve (a) was arrived at from the following considerations—which apply only 
to the unimolecular period of the hydrolysis. Let a=initial amount of sucrose 
(g. in v ec.), (a—2q) =sucrose remaining after time ¢, g being glucose or fructose 
liberated in time ¢, uncorrected for water taken up on hydrolysis. (The necessary 
correction is applied later.) 

Then k= In- rn ee (1), 


1 9 


<q 
where k, is the unimolecular velocity constant of hydrolysis of sucrose. 


Differentiating dq =?, ROP —CCCSw W'S (la). 


Now consider the mutarotatory change of «-glucose to «8-glucose, which again 
is a unimolecular reaction. Let the unimolecular velocity constant of this 
change be kf, LAS 
; t= !in te I = c 
—e Fr. © 
where P,, P and P,, are the specific rotations of the glucose at times 4), ¢ and t,, . 
From this, P=ce-*ct + P,, Sesaoe) 


(putting P)»—P.=c), 


Using P for specific rotations and p for actual rotations under observation, the 
rotation dp of dq grams of «-glucose after an interval of time ¢, will be: 
Wie ae) 
dp = “ (ce ( +P.,). 
Substituting the value of dq from equation (1 a) 


dp= © ets (ce*et + P,,) dt. 


The total rotation p, of = dg grams of mutarotating «-glucose after time ¢ will be, 


dp = | >, (k.ce~ &sthe) te Kee reP..) at, 


; a ee koe _fe 3% ‘ 
i.e. p=5,(Potp 4p — Pe tt— pe stot) aaa (3). 


As an example, the values substituted in the case of Exp. 1 of Table I.were 
a=20, v=150, c=P,—P.»=111-:2—52-5=58-7, k,=0-07, k,=0-0115. 
(This value of k,, was taken from the data furnished by Nelson and Beegle 
1919], who investigated the velocities of mutarotation of glucose and fructose 
at various temperatures and values of p,,.) The values of p so obtained were 
multiplied by 2°, since 19 g. of sucrose yield 20 g. of hexose. These values were 
added to the calculated rotations due to unchanged sucrose at the corresponding 
times respectively and plotted to give curve (a). The difference in reading 
between curves (a) and (6) at any time gives the rotation due to fructose at that 
time. Let this difference be F. Then the specific rotation of the fructose present, 
i.e. the mean specific rotation of & dq, where each small increment is at a different 
stage of mutarotation, is Fuv/?2q. 

These values are tabulated for each experiment (Exps. 1-5, Tables I-IT) 
and plotted collectively against time in Fig. 2. These curves express the relation 
between specific rotation of fructose produced at known unimolecular rate and 
time. Extrapolation to the ordinate gives in all cases the value +15° to +17° 
for the specific rotation of the fructose as first liberated, i.e. for (2, 5)-fructose. 
This low positive rotation would suggest that the (2, 5)-fructose is in the B-form. 
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SPECIFIC ROTATION OF (2, 5)-FRUCTOSE 


Table IT. 


Reaction mixtures as in Exps. 1 and 2. Temp. 17°. 








Ratio 
(Mins.—] Arbitrary . L-H.S. 
Volume of enzyme ks ees times [a], of R.H.S. 
Exp. preparation (mean value) (mins.) fructose (equation 5) 

3 30 cc. 0-0926 0-9 0-0 0-94 
2-0 —12-9 0-96 

3°0 — 22-75 0-96 

4-0 — 28-1 0-97 

5-0 — 32-9 0-99 

6-0 — 34-7 1-03 

8-0 — 39-9 1-08 

Mean 0-99 

t 40 ce, 0-1036 1-0 0-0 0-96 
2-0 — 12-6 0-97 

4-0 — 28-0 0-96 

6-0 — 33-70 1-04 

8-0 — 38-7 1-09 

Mean 1-00 

5 40 cc. of a more active 0-112 1-0 — _ 

preparation 2-0 - 10-5 0-97 

3-0 1-00 

4-0 1-00 

6-0 1-06 

7-5 1-09 

Mean 1-02 

6 As in Exp. 5, but at 0-0857 1-0 0-0 0-97 
Py 61 2-0 — 12-8 1-04 

3-0 — 20-9 0-96 

5-0 — 33-1 0-98 

7-0 — 40-9 1-00 

8-5 -44-2 1-01 

Mean 0-99 


Exp. 6 (Table IT, but not included in the graph) was similar to the others, but 
the reaction was allowed to proceed without added buffer, the pq being 6-1. 
Except that the value of &, was lower, the results, including the specific rotation 
of the fructofuranose, were similar to those of Exps. 1-5. 

The readings of the mutarotating sugars (curve (b), Fig. 1) lie, save for an 
initial lag, on a straight line, which on extrapolation, cuts the ordinate at a point 
higher than the theoretical initial reading (checked by controls) of the sucrose 
before commencement of the hydrolysis. However, in some 40 experiments in 
which the rotation of the enzyme-sucrose mixture was read 20-30 seconds after 
mixing, no initial rise in rotation was ever observed. Each curve (6) when 
plotted from the data furnished in Tables I and II exhibits an initial lag which 
is not exhibited by the corresponding curve (c), and is not due therefore to a 
tardiness in the production of glucose and fructose. The curve (b) does not pass 
below the curve (a) until this lag is over. At the point of separation, the specific 
rotation of the fructose is exactly zero, and is subsequently negative. Before this 
point, it must have been positive. This accounts for the lag in curve (6). If the 
curve (b) fell below curve (a) directly from the theoretical initial reading, it is 
evident that the fructose would always exhibit a negative rotation. 

[t will be seen that the fall in specific rotation is less rapid for a rapid 
hydrolysis than for a slow one. If the change from (2, 5)-fructose to equilibrium 
fructose is unimolecular, the velocity constant k, can be calculated. To 
deduce the values of k, at various points along each curve in Fig. 2, and to show 
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that k, is not only constant for each individual curve, but the same for all the 
curves (i.e. independent of k,), would furnish striking confirmation of the 
validity of the deductions by which the curves themselves were derived. 











Specific rotation 


Time in minutes 
Fig. 2. The specific rotation of fructose produced unimolecularly in the hydrolysis of 
sucrose by fructosaccharase, at 17°, py 4-6. 
Calculation of k,,. 


By means of equation 3, the actual rotation of the glucose present could 


be evaluated. If the change from (2, 5)-fructose to equilibrium fructose is uni- 






molecular, we have a reaction comparable in its manifestation with the muta- 
rotation of the glucose. By substituting fructose constants in equation 3, and 
multiplying each side by v/?°q since we are now dealing with specific rotation, 








an equation is obtained which represents the course of the curves in Fig. 2, 





f omens! P. a kee ke kse em sth) t ) 


30 3.20.09 ks + hy ks + ke’ 
19 


p—!94«(p ks ee RC (ete) t 
v.€. =i0'7 Pot 7 by ~ Pot “sh — Gert s 86 Meee (4). 












This equation has no formal solution. By rearranging, 
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and equating y with each side of this equation and solving graphically, the value 
of k, can be found. The values substituted were, P,, at 17° = —92-3°, P,= +17°, 
e=+17—(—92-3)= + 109-3°, and P at any arbitrary time ¢, was read from 
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Fig. 2. Graphical solution was effected in this way for one or two values of ¢ in 
each curve of Fig. 2. It was found to vary only between the values 0-28 and 
0-35. It was now necessary to see whether the substitution of the mean value of 
k,, viz. 0-31, in equation 4 at every arbitrary time point of the curves of Fig. 2 
would give an accurate identity in all cases. 


Xewriting equation 4 as 





40 Pe ‘ kee bese . 
at Pag We — Bo =z +h; — eet) awww (5), 
eee cieeeap.. <5 eeienkamall ——_— 

L.H.S. R.H.S. 


and substituting k,=0-31, and finding the ratio L.H.s./R.H.s. we obtain an idea 
of the extent of variation from the unimolecular ideal. It is obvious from the 
values of this ratio given in Tables I and II that there is only variation within 
reasonable limits and therefore that the assumption that the fructofuranose 
transformation is unimolecular is correct. 

Between p,, 4°6 and 6-1, k,=0-31. The change of fructofuranose to equi- 
librium fructose is therefore by no means instantaneous. It is 27 times as fast as 
the mutarotation of «- or B-glucose under the same conditions, and 3 times as 
fast as that of B-(2, 6)-fructose. 

Assuming, as seems most probable, that the liberated fructofuranose is in 
the B-form, its subsequent transformation may conceivably proceed in either or 
both of two directions, (1) to «-(2, 5)-fructose, (2) to (2, 6)-fructose. The latter 
transformation, which must involve the opening of the ring and temporary 
formation of the keto-form (or a hydrate of this) would’be relatively rapid owing 
to the instability of B-(2, 5)-fructose. The former change, even if proceeding 
independently, would not affect the latter since, presumably, both (2, 5) forms 
would tend to pass through the keto-form to (2, 6)-fructose. Finally the keto- 
form would yield «- and B-(2, 6)-fructose directly in normal equilibrium propor- 
tions so that the relatively slow reaction velocity of mutarotation of (2, 6)- 
fructose would not limit the rate of change of fructofuranose to equilibrium. 

There are certain reasons, into which it is not necessary to go, for believing 
that equilibrium fructose contains a small proportion of one or both of the 
(2, 5)-forms. If this is so, the change from f-(2, 5)-fructose through the keto-form 
to «B-(2, 6)-fructose would cease at an equilibrium point, with a relatively small 
residual quantity of (2, 5)-fructose which would finish presumably as «-(2, 5)- 
fructose, the B-(2, 5)-form having changed to «-(2, 5)-form either through the 
keto-form or some other intermediate form. 

The hydrolysis of sucrose may then be represented thus: 

a-1-(1, 5)-glucosido-B-2-(2, 5)-fructoside 


Y ; 
a-(1, 5)-glucose +  -(2, 5)-fructose 


| NS 
| NX 
a-(2, 5)-fructose 


| / 
| ar 


keto-form (or hydrate) 
/ 
aB-(1, 5)-glucose a8-(2, 6)-fructose 
EXPERIMENTAL. 
The sucrose employed was pure; [%])+66-5°. The fructosaccharase was 


prepared from brewer’s top yeast by the method of Nelson and Born [1914]. It 
was a clear colourless liquid, freed from inorganic salts by dialysis, rotation 
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+1-24° (1 dm.), contained 1-56 g. of solid matter per 100 cc. and possessed no 
maltase activity. It was stored at —5° with no loss in activity. 

Preliminary experiments showed that: 

(1) the fructosaccharase preparation had no influence on the rotation of 
fructose; 

(2) ammonia in the concentration employed in the main experiments, 
completely arrested hydrolysis and had no effect on the rotation of the enzyme 
preparation or of sucrose, glucose or fructose ; 

(3) the fructosaccharase plus ammonia, in the same concentrations as used 
in the main experiments, had no influence on the rotation of sucrose. 

100 ce. of 20 % sucrose (7.e. 107-7 g.) were mixed with 10 cc. of N’/10 acetate 
buffer (p,, 4-6) and allowed to attain room temperature (17°) by standing in a 
bath of water for 2 hours. The enzyme preparation was similarly brought to 
room temperature. At time zero, 40 cc. of the enzyme solution (the exact weight 
was observed and the volume calculated) were added rapidly from a cylinder, 
and thorough mixing was achieved after 5 seconds. A polarimeter-tube with 
water jacket at room temperature was quickly filled and the rotation taken 
20-25 seconds after mixing and at subsequent intervals. Meanwhile 15 cc. 
portions were withdrawn from the main portion of the reaction mixture and run 


into a series of small flasks contained in a water-bath at room temperature. To 




































these at intervals 1 ec. of N ammonia was added with shaking, the exact time 
being noted after 0-5 cc. had been run in. The final rotations of the mixtures were 
read in a 2 dm. tube at 17° about 30 minutes later. 

The success of the experiment depends entirely on temperature control, that 
of the main reaction mixture must not differ from that of the portion in the 
polarimeter-tube by more than 0-1—0-2°. The jacket of the tube was fed with 
water circulating through the bath and all pipettes were fitted with rubber 
shields. 

It will be seen that the individual experiments differ only in regard to the 
amount of enzyme used. It was found to be of no advantage to use less than 
20 cc. of enzyme (diluted to 40 cc.) (4,=0-07) or more than 40 cc. (k,;=0-11) 
since in the latter case the hydrolysis was too fast to allow of accurate polari- 
metry. 

SUMMARY. 

l. The specific rotation (17°, p,, 4-6-6-1) of (2, 5)-fructose is found to be 

between +17° and +15°. 


2. The change of fructofuranose to equilibrated fructose is shown to conform 







to a unimolecular law. The unimolecular velocity constant k)\"" ~=0-3. 
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CCLXVII. THE OXIDATION OF FRUCTOSE 
BY HYPOIODITE. 
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From the Department of Industrial Fermentation, University of Birmingham’. 
(Received September 24th, 1933.) 


THE oxidation of fructose by hypoiodite, as employed in the method of 
Willstatter and Schudel [1918] for the estimation of aldoses, is known to be small 
in amount, but very variable results as to the iodine equivalent of fructose have 
been reported from time to time. Whereas over a fairly wide range of conditions 
glucose can be oxidised to the equivalent of 1-41 g. of iodine per g. of glucose, 
fructose has given various iodine figures under varying conditions, e.g. 0-1028 g. 
(Judd, 1920], 0-10 g. [Baker and Hulton, 1920], 0-0065-0-020 g. [Hinton and 
Macara, 1924], 0-018 g. at 1° [Archbold and Widdowson, 1931]. 

In the present communication are reported the results of an investigation of 
the oxidation of fructose by hypoiodite under conditions similar to those used 
in the original Willstatter and Schudel method. The investigation has included 
the following: (1) effect of temperature; (2) effect of excess alkali; (3) effect of 
rate of addition of alkali; (4) effect of concentration of fructose; (5) control 
experiments; (6) identification of products of oxidation. 

These investigations have shown that, if constant results are to be obtained 
with fructose, the most important condition to be standardised is that of the 
rate of addition of the alkali. Willstatter and Schudel stated that in the case of 
glucose the sodium hydroxide must be added slowly to the sugar-iodine solution, 
and it is well known that if the addition is made instantaneously, quantitative 
oxidation of glucose is not secured. Goebel [1927, 1] explained this on a stoichio- 
metric basis as follows. Two reactions commence with the addition of alkali and 
the formation of hypoiodite. 


(1) R.CHO+I,+3NaOH=R.COONa+2NaI+2H,0, 
(2) 3NalO=NalO,+2 NaI. : 


“A sufficiently high concentration of hypoiodite is possibly not attained when alkali is added 
immediately to a glucose-iodine solution for the reason that reactions (1) and (2) start out simul- 
taneously. Under these conditions reaction (1), though it has a greater initial speed than reaction (2), 
will be overtaken by the second as the two near completion with the result that at this point the 
concentration of hypoiodite falls below the necessary optimum, and both reactions end with the 
hypoiodite completely converted to iodate and iodide and the glucose in an incomplete state of 
oxidation. If, on the other hand, the alkali be added over an interval of 2 minutes, the major part of 
the hypoiodite will enter into the first reaction as it is formed,...the concentration of hypoiodite 
in the solution would be kept low, a condition unfavourable for the reaction hypoiodite—iodate.” 


Goebel found that, using 0-09 g. glucose in 10 cc., 20 cc. of V/10 iodine, 45 cc. 
of V/10 NaOH, temp. 23°, two minutes should be taken to add the sodium 
hydroxide, in which case quantitative oxidation of the glucose was attained 


1 Formerly Department of Biochemistry, University of Birmingham. 
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after 10 to 20 minutes’ standing. If the alkali were added very rapidly, quantita 
tive results were never attained, however long the subsequent standing. 

The results obtained on the effect of rate of addition of alkali make it clear 
that the oxidation of fructose is not due to a Lobry de Bruyn-van Ekenstein 
transformation into oxidisable aldoses. At the same time the relatively slow 
oxidation of fructose by hypoiodite as compared with that of aldoses renders 
it probable that only one component, and that a small one, of the fructose 
solution is actually oxidised. 


EXPERIMENTAL. 

The fructose employed was B.D.H. dextrose-free fructose recrystallised by 
Harding’s method [1922]; [a]]/* —92-1° (e=5). Calculated from Honig and 
Jesser’s formula, [«] 7)’ —92-1°. The glucose was B.D.H., A.R., recrystallised 
from dilute alcohol (the first crop of crystals was discarded); [«]7) +52-6°. 
Both sugars were dried in vacuo over P,O; at 72°. All pipettes and graduated 
flasks were calibrated, and a standard drainage time of 30 seconds was adopted 
with the former. The thermostat was electrically controlled and temperature 
variations did not exceed +0-1°. The thiosulphate was standardised every 
3 days by liberating a known amount of iodine from KI by acidified standard 
potassium dichromate solution. 


(1) Effect of temperature. 


A volume of solution containing 0-5 g. of fructose was pipetted into each of 
a series of 250 cc. conical flasks at room temperature and allowed to attain the 
requisite temperature in a thermostat. 20 cc. of N/10 iodine at the latter 
temperature were added. (In the series at 35° iodine was pipetted at room 
temperature, the flask closed, and the mixture allowed to attain the temperature 
of the thermostat before addition of the alkali. Iodine loss is rapid at 35°.) 
Lastly 5 cc. of N/2 NaOH were added over a period of exactly 20 seconds with 
rapid shaking. The flasks were closed, and after the appropriate time interval 
acidification was effected with 10 cc. of N H,SO, and the liberated iodine titrated 
against V/20 thiosulphate using the Hagedorn and Jensen starch indicator. An 
appropriate iodine control was performed for each experiment. 

Two series of experiments were performed, Series A using 10 cc. of sugar 
solution and a total volume of 35 cc., and Series B using 10 cc. of sugar solution + 
40 cc. water, total volume 75 cc. The control experiments of Section (5) show 
that at room temperature the conditions of oxidation in Series A and B give 
the theoretical iodine value for glucose. 

The oxidations were allowed to proceed at 1, 15, 25 and 35°. The extents of 
oxidation expressed in cc. N/20 iodine at various times and temperatures are 
given in Table I. 

From these results it appears that, under the conditions adopted, the 
maximum oxidation was soon reached except at 1°, in which case 10 hours were 
required. In the last case some hypoiodite was still functioning after 8 hours. In 
control experiments with 0-08 g. of glucose in place of the fructose, oxidation of 
the sugar at 1° was still proceeding after 8 hours. As will be shown (Section (3)) 
the extent of oxidation of fructose is very susceptible to the rate of addition of 
the alkali, but under the conditions of the above experiment, viz. a 20 second 
period for the addition of the alkali, the minimum oxidation of fructose 
which is accompanied by theoretical oxidation of glucose is effected at 15° in 
20 minutes. 
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OXIDATION OF FRUCTOSE BY HYPOIODITE 


Table I. 
Series A Series B 


= en: 
Temperature Oxidation Oxidation 


C. Time (hours) (cc. N/20 iodine) Time (hours) (cc. N/20 iodine) 
] 1-0 1-06 1-0 0-86 
3-0 2-29 3-0 1-81 
5-0 3-15 5-15 2-60 
8-0 3°75 8-0 3-07 
9-0 3°86 8-5 3°17 
10-0 4-13 10-0 3°48 
22-0 3°96 22-0 3°30 
15 0-33 2-09 0-33 1-69 
0-75 3°33 0-75 2-74 
1-5 3°81 1-5 3-20 
3-6 3°73 3-5 3-20 
5-0 3-66 5-5 3°20 
9-0 3-71 9-0 3°25 
10-0 3°83 10-0 3°31 
26 0-33 3-62 0-33 3-50 
1-0 3°94 1-0 3-40 
3-0 3-99 3-0 3-52 
5-0 3°99 5-0 3-52 
6-0 4-01 8-0 3-59 
7-0 4-09 10-0 3-67 
10-0 4-08 
35-5 0-33 4-16 0-33 3°94 
1-0 4-37 1-0 4-09 
3-0 4-57 2-0 4-09 
5-0 4-60 4-0 4-14 
8-5 4-77 6-0 4-1] 
10-0 4-94 10-0 4-22 


The final oxidation attained in both series was minimum at 15°. The extent 
of oxidation depends on 
(a) concentration and persistence of hypoiodite ; 
(6) rate of reaction between hypoiodite and oxidisable sugar; 
(c) concentration of the oxidisable component of the fructose. 
A rise in temperature favours (5), is unfavourable to (a), and is very possibly 
favourable to (c). Disregarding the effect of temperature on (c), effects (a) and (6) 
combine to produce minimum oxidation at 15°. That (a) is very favourable at 
1° is shown by the continuance of oxidation after 8 hours at that temperature. 
The rates of oxidation at 1° and 15° may be approximately arrived at from 
the first time readings (and inspection of the results in graphical form). From 
such observations the rates of oxidation in both series (A and B) are seen to be at 
least 6 times as great at 15° as at 1°. From such a result it would seem probable 
that factor (c) is also effective, and that there is a greater concentration of the 
oxidisable component at 15° than at 1°. 


(2) Effect of excess of alkali. 


In the previous experiments the oxidising system contained a small excess 
of alkali over that required to form hypoiodite. Series A was repeated using 
twice as much alkali, 10 cc. of N/2 NaOH (and equivalent increase of H,SO,), 
the total volume being thus 40 cc. The results are given in Table II. 

The chief features of the effect of excess of alkali are: 

(a) a more rapid disappearance of hypoiodite at 1°, and in consequence, less 
total oxidation; 
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Table II. 


l 17 26 35 
as ~ ee ee eS ng ee \ eee 
Oxidation Oxidation Oxidation Oxidation 
Time (ec. V/20 Time (ce. N/20 Time (ce. N/20 Time (ce. V/20 
(hours) iodine) (hours) iodine) (hours) iodine) (hours) iodine) 
1-0 72 1-0 3-36 0-5 5-17 0-5 7:90 
3-0 1-87 30 3°75 2-0 5-60 2-0 9-25 
6-0 1-97 5-0 4-00 3-0 6-19 4:5 11-10 
8-0 2-02 7-0 4-00 5-25 6-60 6-0 12-00 
10-0 1-97 10-0 4-15 8-75 7-40 8-0 13-20 
10-00 7:97 10-0 14-75 


(b) progressive oxidation at 17, 26 and 35° long after oxidation in the 
corresponding members of series A (Table I) had ceased and hypoiodite is 
presumed to have disappeared. 

Excess alkali has two effects, that of accelerating the formation of iodate 
from hypoiodite, and that of modifying the fructose rendering it susceptible to 
oxidation by iodate. Low results in the determination of glucose by iodimetric 
titration in cases where too large an excess of alkali has been added have 
probably been due to the first of these causes rather than the Lobry de Bruyn 
transformation to which they have been ascribed. 


(3) Effect of rate of addition of alkali. 


The experimental procedure adopted for Series A and B (Table I) was re- 
peated at room temperature only, with the difference that the 5 cc. of N/2 NaOH 
were added in 0-5 cc. portions at intervals of 30 or 60 minutes. Certain flasks 
were withdrawn at certain stages and the titration completed. The results are 
given in Table ITI. 


Table III. Effect of rate of addition of alkali. 


20 cc. N/10 iodine, N/2 NaOH 0-5 ce. at a time, total volume (without 
NaOH), Series A 30 cc., Series B 70 cc. Temp. 16°. 


0-5 ¢. fructose, 


Duration of 


reaction from 
Series B. 














ite of addition 
of NaOH 
0-5 cc. per 


half hour 


experiments should be considered. 


Firstly, 0-5 ce. 


first NaOH 
addition 
(hours) 
1-0 
aU 
4-0 
5-0 
6-0 
8-0 
10-0 


dO 
10-0 
24-0 


Number of 
additions 
of NaOH 


> 


6 
5 
10 
10 
10 
10 


(=15- 


(=18 
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Before discussing the results of this experiment, the following control 
Series A and B were repeated at 16°. 
of V/2 NaOH was added to the fructose-iodine mixture, and, at 
definite intervals of time, acidification was effected with 1 cc. of N H,SQ,. 
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Table IV. 


Oxidation (cc. N/20 iodine) 


Time 

(minutes) Series A Series B 
20 0-90 0-90 
30 L-Ol 0-91 
40 1-16 0-96 
60 1-15 1-10 


Oxidation appears to have ceased within 30 minutes. 

Secondly, to the fructose-iodine mixture, 0-5 cc. of V/2 NaOH was added 
every half hour until 3-5 cc. had been added. After further time intervals (as 
stated in Table V) acidification was effected with 5 cc. of N H,SO,. 


Table V. 


Oxidation (cc. N/20 iodine) 


Time 
(minutes) Series A Series B 
20 9-05 6-20 
30 9-60 6-82 
45 9-60 6-70 
60 (9-80) 6-70 


Here again oxidation had ceased entirely within 30 minutes. 

It is evident from Table III that an abnormally high oxidation can be 
effected if the alkali is added slowly enough, and from Tables IV and V that this 
is not due to a very slow decomposition of hypoiodite. The best explanation 
seems to be that one component only of the fructose solution undergoes oxidation 
and that: 

(a) each small increment of hypoiodite produces an oxidation comparable 
with that obtained with excess of hypoiodite ; 

(6) in neutral medium the removal of one component by oxidation induces 
the “inactive” components to establish a new equilibrium thus restoring the 
oxidisable component. 

In this case the amount of oxidation should increase as the rate of addition 
of alkali decreases, which is the case (Tables I, III, VI). Comparing Tables I 
and III (Series A) 5 cc. of NaOH added in 20 seconds produced oxidation equi- 
valent to 3-7 cc. of N/20 iodine after 5 hours, whereas 5 cc. of NaOH added in 
0-5 ce. half hourly increments produced 16-76 cc. oxidation after 5 hours in all, 
and 5 ee., added in hourly increments, 20-20 cc. Further, 3-0 cc. of alkali after 
3 hours (Tables III, Series A) had produced 7-97 cc. oxidation, whereas 5 cc. 
added in 20 seconds (Tables I, Series A) had produced only 3-7 cc. oxidation in 
5 hours. If the whole of the fructose were susceptible to direct oxidation, then, 
since the quantity used was many times the molecular equivalent of the 20 cc. 
of V/10 iodine added, one would expect more to be oxidised by the full dose of 
hypoiodite (5 ec. alkali) than by 3-0 ce. If only one component is oxidised, the 
small increments may be comparatively saturated with this component and each 
effect oxidation with rapidity comparable with that effected by the full dose. 

Lastly, it should be noted that the high oxidation effected in this way without 
excess of alkali ever being present disproves the hypothesis that the oxidation of 
fructose in the iodimetric titration is due to a Lobry de Bruyn transformation. 

Oxidation could be carried much beyond the 18 % recorded in Table III. 
To 0-081 g. fructose in 50 cc. were added 20 cc. of NV/10 iodine and 0-5 cc. of 
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N/2 NaOH at varying time intervals as shown in Table VI. When 4 cc. of alkali 
had been added, i.e. just sufficient to absorb free iodine, to some flasks another 
addition of 20 cc. iodine was made and the process continued. The same pro- 
cedure was repeated after 8 and 12 cc. of alkali had been added. Other flasks 
were treated with no more iodine after certain stages. In every case, after the last 
addition of iodine had been absorbed by alkali, two further increments of alkali 
were added at intervals to complete the reaction and then titration was per- 
formed in the usual way. The results are shown in Table VI. The percentage 


Table VI. 


0-5 ec. alkali/10 minutes 0-5 ec. alkali/30 minutes 0-5 ec. alkali/60 minutes 
Number of Number of Number of 
additions of additions of additions of 
20 ec. N/10 20 ee. N/10 20 ee. N/1LO 
iodine °* oxidation iodine ©, oxidation iodine °%~ oxidation 
] 10-4 ] 19-5 l 23-6 
2 20-6 2 410-6 2 61-1 
3 40-1 3 77:3 3 98-9 
98-3 


fructose oxidised is calculated on the assumption that one atom of oxygen is 
absorbed by one fructose molecule. It is to be expected that, especially in 
the cases where the alkali additions were more frequent, a certain amount of 
unchanged hypoiodite might accumulate. This would account for the rate of 
oxidation of fructose increasing as the additions of NaOH and iodine proceed. 

These experiments were repeated, using 0-081 g. of fructose in 10 ec. instead 
of 50 ce. 

Table VII. 





0-5 ec. alkali/30 minutes 0-5 ec. alkali/60 minutes 
Number of addi Number of addi- 
tions of 20 ce. tions of 20 ec. 
N/10 iodine ©} oxidation N/10 iodine ©, oxidation 
| 26-4 l 
2 60-1 2 
3 94-7 3 
4 128-4 


It is evident that the oxidation proceeds beyond the insertion of one oxygen 
atom. 
(4) Effect of fructose concentration. 


If the hypothesis put forward in the preceding section is correct, then certain 
conclusions can be drawn. For example, in a dilute solution of fructose, varying 
within the limits of concentration 0-08—-2 °/,, the amount of oxidisable com- 
ponent will be approximately proportional to the total fructose concentration. 
Under an appropriate set of oxidising conditions, the percentage fructose oxidised 
should be independent of the fructose concentration. To test this deduction, 
20 ec. N/10 iodine were pipetted into 50 cc. of fructose solution containing 
0-08-0-5 g. of sugar. 5 cc. of 0-5 N NaOH were added at the rate of 0-5 ec. 
30 mins. The mixture was acidified 1 hour after the last alkali addition, thus 
allowing a total oxidation period of 5-5 hours. The results obtained at 20° are 
given in Table VIII. 

A second experiment designed for another purpose (vide Section (6)) gave 
similar results. Here the materials used were 0-081-0-5 g. fructose in 10 cc. 
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Table VIII. 


Oxidation 


Final fructose con- Weight of ——— 
centration (%) fructose (g.) cc. V/20 iodine % 
0-108 0-081 4-44 24-7 
0-333 0-250 10-06 18-1 
0-500 0-375 12-90 15-5 
0-666 0-500 15-76 14-2 


water, 6-66 cc. of 0-3 N iodine in Bal,, 6-25 cc. of 0-4 N baryta added at a rate of 
0-5 ec. per 30 mins. (total volume 22-91 cc.). Acidification was effected after 
oxidation had ceased with 10 ce. N HCl. 


Table IX. 


Oxidation 


Final fructose con- Weight of $A, 
centration (%) fructose (g.) ce. N/20 iodine % 
0-354 0-081 6-18 34:3 
1-092 0-250 14-01 25-3 
1-747 0-400 19-83 22-3 
2-184 0-500 23-64 21-3 


The quantity of hypoiodite maintained in these experiments (Tables VIII 
and IX) was of the order of the equivalent of 0-5 cc. V/2, which is equivalent to 
0-0225 g. of glucose. If the whole of the fructose could react with hypoiodite, 
there would be an overwhelming excess of fructose in all cases, and one would 
not expect much difference in the actual amounts oxidised in any one series. 
The whole or most of the hypoiodite should be used up in oxidation and com- 
paratively little would form iodate. However, the results in Tables VIII and IX 
support the hypothesis that only one component, a small one, of the fructose 
solution is oxidised. Some of the hypoiodite is lost as iodate, the amount used 
for oxidation is largely a function of concentration of the oxidisable component. 
It is seen that, although the maximum fructose concentration is approximately 
6 times as large as the minimum, the percentage oxidation varies by only 
10-13 %. Indeed, if the minimum fructose concentrations of 0-108 in Table VIII, 
and of 0-354 in Table [X be disregarded, since here the excess of oxidising agent 
over percentage fructose oxidised is very large, the variation amounts to only 
4 

(5) Control experiments. 

In addition to such control experiments as have been mentioned it was shown 
that: 

(a) there is only a negligible loss of oxygen from the hypoiodite solutions 
as used in these experiments when maintained at temperatures from 1 to 35° for 
24 hours; 

(6) addition of the alkali at the rate of 0-5 cc. of V/2 per half hour made 
no appreciable difference in the oxidation of glucose, an increase from 100 to 
103 % being the maximum observed; 

(c) iodate exerted a negligible oxidising effect on fructose, and a slightly 
larger but small one on glucose; 

(d) free iodine, as used in these experiments, but without addition of any 
alkali, did not oxidise fructose to any appreciable extent; 

(e) excess of alkali such as was used in any experiment other than that 
of Table IT had no effect on the optical rotation of fructose at 17° in 20 hours: 
when NaOH was present at N/14 concentration as in Exp. 2 (Table II) the 
observed rotation fell from —8-1° to —7-9° in a few minutes, to —7-45° in 
1} hours and to —6-55° after 20 hours (the oxidation results of Table II them- 
124—2 















































K. BAILEY AND R. H. HOPKINS 


1972 





selves pointed to the same conclusion, viz. that some change such as enolisation 
was taking place); 
(f) oxidation of 0-072 g. of glucose under the conditions of Table | 


(Series A and B) showed complete oxidation (1 g. glucose = 1-41 g. iodine) almost 
attained in 8 hours at 1°, fully attained in 20 mins. at 15° and 35°. 


(6) Identification of the products of oxidation of fructose. 

For this purpose, oxidation of fructose was effected by 0-3 .N iodine in Bal, 
and 0-4.N baryta added in small increments. (Compare Goebel’s procedure 
[1927, 2] for the preparation of hexonic acids.) Preliminary experiments (results 
in Table [X) had shown that the conditions adopted would be most favourable. 
666 cc. of 0-3.N iodine were added to 40 g. of fructose dissolved in 1000 ec. of 
water. 625 cc. of 0-4.N baryta were added at the rate of 50 cc./30 mins. The 
temperature of working was 21—22°. 1 hour after the last alkali addition, the 
solution was filtered free of barium iodate and the exact amount of Ba in 10 cc. 
of the solution accurately determined gravimetrically. The whole of the barium 
in the residual solution was precipitated by the theoretical amount of 5N 
sulphuric acid. 150 g. of pure lead carbonate were stirred in to decompose free 
hydriodic acid. After filtering, the clear solution was evaporated at 55°/15 mm. 
to 350 cc., the whole of the residual free iodine passing over in the first few 
minutes. The liquid during concentration remained slightly on the acid side of 
neutrality. After cooling, the precipitate of lead iodide which usually appeared 
during evaporation was filtered off and the clear filtrate made neutral to phenol- 
phthalein by addition of clear baryta. 2 vols. of 95 % alcohol were now added and 
the flocculum so obtained was allowed tostand overnight and was then centrifuged 
off, washed with alcohol and dried in vacuo and at 100° for 3 hours. The white 
product thus obtained was not very soluble in water, reduced warm acid KMnO, 
but gave no reduction with Fehling’s solution. The Ba content was determined 
and the bulk of the salt decomposed with the exact amount of V/10 sulphuric 
acid. After evaporation to a syrup in vacuo, a little acetone was added and after 
standing, crystals of oxalic acid appeared, melting at 97-98°. These were 
dissolved in alcohol, phenylhydrazine in alcohol was added, and on scratching 
the sides of the tube crystals of oxalic acid phenylhydrazide appeared in a few 
moments. These were filtered off, washed with hot 95 °%% alcohol, and after 
drying, melted at 176-5°. When mixed with an authentic specimen of the 
hydrazide (M.P. 179°), the mixed M.P. was 178°. The highest yield of crude 
barium oxalate obtained in several repeated experiments was 2-4 g., whilst the 
theoretical yield, calculated from Table IX, is 2-5 g. 

A possible criticism of the above method is that, at the temperature used in 
the removal by evaporation of the free iodine, oxidation of unoxidised fructose 
by the latter may give rise to the oxalate eventually isolated. To eliminate any 
error on this account, another method was employed. Instead of precipitating 
the barium of the oxidation mixture with sulphuric acid, acidification was 
effected with \ HCl, and free iodine removed by addition of concentrated 
thiosulphate. The solution was brought back to neutrality with 0-4.N baryta, 
and alcohol added until a flocculum appeared. This was again identified as 
barium oxalate in the manner previously described. 

Oxidation of fructose by hypoiodite produces, therefore, oxalic acid, and, 
presumably, d-erythronic acid. An attempt at separation of the latter acid from 
unoxidised fructose was not successful. 

Omitting the ring structure, 

CH,OH.CO.(CHOH),.CH,OH +40 — COOH.COOH +COOH.(CHOH),.CH,OH. 
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This oxidation is extremely remarkable, in that the small amount of oxida- 
tion which is induced by hypoiodite proceeds as far as the insertion of 4 oxygen 
atoms and the oxidation of a terminal alcoholic group. This fact strongly supports 
the hypothesis that only one component—an easily oxidisable component— 
undergoes oxidation. 


Discussion. 

Whilst it is probabie that one component only of fructose solution is oxidised 
by hypoiodite, the nature of this component is an open question. It may be the 
ketoform or it may be the labile (2, 5) form. In the previous paper (Bailey and 
Hopkins) the latter form, as split off from the sucrose molecule on hydrolysis by 
fructosaccharase, was shown to change to equilibrium fructose unimolecularly, 
the velocity constant being 0-3 (¢ in mins., base e, temperature 17°, p,, 4-6—6-1). 
The change is not so rapid as had been supposed. This observation supports the 
view that equilibrium fructose contains a small proportion of the (2, 5) form. The 
striking change in optical rotation with temperature can be best explained by a 
disturbance of the equilibrium between the (2, 6) and (2, 5) forms. Further 
evidence for the existence of the (2, 5) and open chain forms in equilibrium 
fructose solutions is summarised below: 

(1) Oparin and Kurssanov [1931] have shown that fructosaccharase exerts a 
synthesising action on glucose and fructose in aqueous solution if phosphatase 
and potassium dihydrogen phosphate are present. They represent the reaction 
as (2, 6)-fructose — (2, 5)-fructose — potassium (2, 5)-fructosephosphate; 

potassium (2, 5)-fructosephosphate + glucose —— potassium sucrosephosphate 
\ 
sucrose + phosphate. 
It is difficult to see how such a synthesis is to be achieved without the pre- 
existence in solution of (2, 5)-fructose, which on removal is replaced by the 
dynamic transformation of one or more remaining isomerides. 

(2) According to Ohle [1927], the condensation of 8-fructose with acetone in 
presence of mineral acid leads mainly to the production of «-di-isopropylidene 
fructose, 7.e. without change of configuration or structure, whilst the liberated 
water converts a portion of the fructose into the butylene oxide form which is 
transformed into the corresponding isopropylidene ether. If fructose in neutral 
aqueous solution is changed by water in the same manner as during acetonisa- 
tion, it follows, when the magnitude of specific rotation is taken into account, 
that the main chemical change during mutarotation is the transformation of the 
amylene oxide f-form into the butylene oxide B-form. This cannot occur 
without temporarily opening the oxygen bridge, with the production of the 
keto-form or its hydrate. The carbonyl absorption band is shown by concentrated 
fructose solutions. 

(3) Pure methyl alcohol, freed from acetone, when mixed with less than 
5 % fructose, exhibits a change in the sign of rotation 20 mins. after the addition 
of HCl. The syrup isolated is feebly dextrorotatory. Extraction with ethyl 
acetate leads to the separation of y-methylfructoside mixed with small quantities 
of «- and f-(2, 6)-methylfructosides [Menzies, 1922]. 

Onslow, Kidd and West [1931], in a biochemical study of the senescence of 
apples, advanced tentatively the hypothesis that active fructose (presumably 
(2, 5)-fructose) is preferentially respired. Such a process is quite feasible, and 
could, moreover, proceed without the concomitant inversion of sucrose, 7.¢. it 
could proceed without a supply of freshly liberated or active fructose, if equili- 
brated fructose solutions contain this form of fructose. Whether the component 
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oxidised by hypoiodite is the (2, 5) form or an active keto-form, is as yet 
impossible to decide. According to Isbell and Hudson [1932], ring forms can be 
directly oxidised. On the other hand, Lippich [1932] finds that the HCN-binding 
power of fructose is greater than that of glucose and is not wholly inhibited by 
strong alkali. Since HCN-binding power is a measure of CO groups, the active 
keto-form of fructose may thus be the form oxidised by hypoiodite even at 
alkaline reactions. There is, however, a striking parallel between the in vitro ex- 
periments of Section (3), and the process which Onslow et al. presume to occur in 

the respiration of senescent apples. The fundamental nature of both processes may 

well be the oxidation (or respiration) of one component, accompanied by dynamic 
mutation of other components to produce more of the oxidisable isomeride. 





























SUMMARY. 

1. The rate of oxidation of fructose by hypoiodite under the conditions of 
Willstatter and Schudel’s method for the estimation of aldoses increases with 
temperature to the point at which oxidation ceases. The extent of oxidation at 
this point, between the temperatures 1 and 35°, is minimum at 15°. 

2. In presence of excess alkali, enolisation of the fructose occurs between 
17 and 37° and renders it capable of oxidation by iodate. The oxidation thus 
becomes a progressive reaction which has no limit. At 1° enolisation is nct 
induced, and oxidation rapidly reaches a limit lower than that obtained by the 
use of only a slight alkali excess. 

3. A four to fivefold increase in the oxidation of fructose by hypoiodite is 
obtained by adding the necessary alkali in small increments at definite time 
intervals. The extent of oxidation is an inverse function of the rate of alkali 
addition. Under specified conditions, the oxidation of fructose (using the iodine 
value 1-41 as for glucose) may exceed 100 % , on the basis of one atom of oxygen 
per molecule oxidised. 

4. The percentage oxidation under arbitrary conditions of oxidation does 
not vary greatly with the fructose concentration. 

5. The products of oxidation are oxalic and, presumably, d-erythronic acids. 

6. A consideration of the factors influencing the kinetics of the oxidation of 
fructose by hypoiodite leads to the hypothesis that only one component under- 
goes oxidation. 


One of us (K. B.) is indebted to the Department of Scientific and Industrial 
Research for a Grant. 
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Tue work which forms the subject of this paper was suggested by the findings 
of Cameron and Moorhouse [1925], who stated that in experimental parathyroid 
tetany the calcium of the whole blood shows proportionately less fall than that 
of serum. They attributed this to the passage of a large amount of calcium into 
the fibrin clot in cases of tetany and based this view on the finding of a much 
higher calcium figure for citrated plasma than for serum in tetany. Sokolovitch 
[1931] has reported slightly higher figures for whole blood-calcium in human 
tetany than would be expected if the corpuscles contained no calcium and 
assumed that the results indicated a slight shift of calcium into the corpuscles in 
tetany. The effect observed by him was much smaller than that observed by 
Cameron and Moorhouse. Morgulis and Perley [1930] working on experimental 
parathyroid tetany, considered both possibilities—a shift of calcium into the 
corpuscles, and an abnormal passage of calcium into the coagulum—but could 
find no evidence for either phenomenon. The question of the passage of calcium 
into the corpuscles in tetany raises again the old controversy as to whether there 
is normally any calcium in red corpuscles. This point has been under discussion 
for nearly forty years, but there is still some divergence of opinion even among 
modern workers using accurate methods. 

The present work was planned to determine whether any calcium exists in 
red corpuscles in human subjects with varying diseases including tetany, and 
whether any abnormal amount of calcium is to be found in the coagulum in cases 
of tetany. 

Material. 

The control observations were made for the most part in cases of renal or 
prostatic disease and a few other conditions. 

Three cases of tetany were examined, viz. (1) H. D., age 22, tetany of unknown 
origin but probably not parathyroid tetany; (2) E. T., age 15, late rickets and 
tetany, and (3) A. Hi., age 35, chronic diarrhoea and tetany. No case of para- 
thyroid tetany has been investigated from this standpoint. 


Plan of experiments. 

For experiments on the distribution of calcium between serum and corpuscles, 
defibrinated blood was used. The corpuscle volume was estimated by the 
haematocrit and the calcium estimated in serum and whole blood. 

For experiments on the passage of calcium into the coagulum, comparisons 
were made between the plasma from citrated blood and the serum from defibri- 
nated blood. Since citrate causes a shrinkage of corpuscles and a corresponding 
dilution of the plasma, it was necessary to make haematocrit determinations on 
both the citrated and defibrinated blood in order to determine the correction 
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needed for the calcium of citrated plasma. The collection of blood was made as 
follows. About 20-25 ce. of blood were collected in a flask containing glass beads, 
and the flask was shaken for a few seconds to ensure even admixture of corpuscles 
with plasma. Then, before the fibrin had begun to separate, about 10 cc. of blood 
were poured off into a tube containing not more than 0-1 g. sodium citrate and 
mixed. The remainder of the sample in the flask was defibrinated by further shaking. 
In order to check the validity of the volume correction used in determining 
calcium in plasma, a few experiments were made in which a sample was first 
defibrinated and a part of the defibrinated blood subsequently treated with 
sodium citrate. The usual contraction of corpuscles was observed in the 
citrated samples. When 0-1 g. sodium citrate was added to 10 cc. blood the 
corpuscle volume in the citrated blood was, on an average, 38 % as against 45 °% 
in defibrinated blood. The correction to be used was determined for each 
experiment and the corrected plasma figures agreed well with the serum figures. 
This result shows that the addition of sodium citrate in this amount causes no 
precipitation of calcium and no shift of calcium from plasma to corpuscles. 


Analytical methods. For serum and plasma the method of direct precipitation of the calcium 
oxalate from the serum or plasma was used, and the analyses were made by the method of Kramer 
and Tisdall as described by Harrison [1930], except that at least 18 hours’ precipitation was 
allowed for plasma. The precipitation of calcium is much slower for plasma than for serum. In the 
earlier part of the work half an hour was usually allowed for the precipitation from serum, and 
18 hours at least for plasma. In some later experiments the serum was also left for 18 hours, but 
the results were the same. G. W. Clark [1921] emphasised the necessity of allowing several hours 
for the precipitation of calcium from plasma. E. P. Clark and Collip [1925] considered half an hour 
sufficient for serum. 

For whole blood, the modified Alport method of Cameron and Moorhouse [1925] was used. In 
this method the blood is ashed in a platinum dish, and the iron and phosphate are removed from 
the ash solution before the calcium is precipitated as oxalate. 

In all estimations samples of 2 ec. serum, plasma or whole blood were analysed in duplicate. 

Estimations of corpuscle volume were made in capillary haematocrits, which were centrifuged 
at about 3000 r.p.m. until the corpuscle layer reached constant volume. When constant volum¢ 
was reached, it was always noted that the corpuscle mass became transparent. 

RESULTS. 

Serum and corpuscles. Observations were made on fourteen patients with 
various diseases and the three patients with tetany. Very good agreement was 
found in most cases between the observed figure for whole blood and the figure 
for the serum-calcium calculated as mg. per 100 ce. whole blood. Where slight 
discrepancies occurred, the tendency was for the observed whole blood figures 
to be slightly lower than the calculated figures. The actual discrepancies between 
observed and calculated figures for whole blood were as follows (a positive sign 
indicates that the observed figure was higher than the calculated figure, and a 
negative sign the reverse discrepancy) : 

In the 3 cases of tetany, —0-2, 0, 0 mg. per 100 ce. 
In control cases: +0-2 mg. per 100 cc. in 9 experiments. 
+0-2 to 0-5 mg. per 100 cc. in 2 experiments. 
—0-5 to —1-0 mg. per 100 ce. in 3 experiments. 
Agreement is therefore good in 14 experiments including those in cases of tetany, 
while three experiments show either a negative error in determining whole 
blood-calcium (which might be due to loss in the transferences) or a positive 
error in the serum determinations (which might be due to the use of direct 
precipitation). The results therefore show that there is no measurable amount 
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of calcium to be found in corpuscles by the technique adopted, and that no shift 
of calcium into corpuscles occurs in the types of human tetany examined. 

Serum and plasma. The average results in the control experiments were as 
follows: 


Serum-calcium ... ae es ae Se 9-52 mg. per 100 cc. 
Plasma-calcium (observed) ... sais pee 9-04 mg. per 100 cc. 
Plasma-calcium (corrected for volume change) 10-05 mg. per 100 cc. 
Calcium passing into the clot ... is se 0-53 mg. per 100 ce. 


[t will be seen that the serum-calcium and plasma-calcium are approximately 
equal, but the result is due to a partial balance of opposite effects—the dilution 
of the plasma due to the addition of citrate tends to lower the plasma figure, and 
the passage of a trace of calcium into the clot tends to lower the serum figure as 
compared with plasma. 

In the three cases of tetany, no measurable passage of calcium into the clot 
was observed. 

Discussion. 

These results in three cases of human tetany, not of parathyroid origin, are 
similar to the results of Morgulis and Perley [1930] in parathyroid tetany. No 
calcium passes into the corpuscles and no abnormal amount into the coagulum. 

The question of the absence of calcium from normal corpuscles requires 
further comment. In reading the literature the main impression is of the 
number and variety of sources of error in the methods for calcium estimation. 
Almost every detail in every method has been the subject of debate, but these 
technical points will not be discussed in detail, because it seems impossible to 
harmonise all the results even when all the sources of error are considered. The 
technical problems are very fully dealt with by Guillaumin [1930]. 

There may be differences between different species, and there may be 
differences between adults and children, but to settle this point more work is 
needed, applying the same methods to blood from different sources. Almost all 
the work on human adults shows absence of any appreciable amount of calcium 
from corpuscles, but sometimes figures of about 3 mg. Ca per 100 cc. corpuscles, 
or even more, occur among the results of authors whose technical work appears 
very accurate. Some of these figures have been obtained by direct determinations 
on unwashed corpuscles and are therefore open to the objection that they include 
some calcium from the serum remaining in the corpuscle mass, but values from 
3 to 6 mg. per 100 cc. corpuscles cannot be accounted for in this way. 


SUMMARY. 


Calcium was found to be absent from the red blood corpuscles in human 
subjects with various diseases including tetany. 

No abnormal amount of calcium passed into the fibrin coagulum during 
clotting of the blood of human subjects with tetany. 
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Cases of hypocalcaemia may be divided into three groups. Firstly, there are the 
various types of low-calcium tetany. Secondly, there are cases of hypocalcaemia 
associated with low serum-protein, in which no symptoms of tetany occur; this 
condition may be present in nephrosis, chronic nephritis with oedema, kala-azar 
and some other conditions. Thirdly, there are cases of chronic nephritis with 
uraemia, in which the inorganic phosphorus of the serum is increased, and in 
which the serum-proteins may be normal or only moderately reduced; in some 
instances neuromuscular irritability and carpopedal spasm occur in addition to 
uraemic manifestations. 

One would expect that in tetany a low [Ca++] would be the significant 
change. The ionic calcium may or may not account for the whole of the diffusible 
calcium of serum, but it must be included in the diffusible fraction. It would 
also be expected that when the serum-calcium falls in response to a rise in the 
inorganic phosphate, the diffusible fraction would be primarily affected, though 
the change in the diffusible fraction would lead to a secondary change in the 
protein-bound fraction as a result of the disturbance of equilibrium. On the 
other hand, where the serum-calcium falls as a result of a fall in the serum- 
protein, one would expect the protein-bound fraction to be reduced and the 
diffusible fraction normal, and the absence of tetany would thus be explained. 

Now those authors who have used the concentration of calcium in the 
cerebrospinal fluid as a measure of the diffusible calcium of the serum have 
arrived at results which are inconsistent with the above views, for it has been 
shown that when the serum-calcium falls in tetany, the calcium of the cerebro- 
spinal fluid is relatively little changed. Authors who have determined the 
diffusible calcium of the serum by ultrafiltration or dialysis have arrived at 
variable results, but, on the whole, work done on ultrafiltration of human sera 
has shown that the diffusible calcium is decreased in tetany and normal in cases 
of hypocalcaemia with low serum-protein. The view that the calcium of cerebro- 
spinal fluid is equal to the diffusible calcium of serum has been attacked, but as 
yet only a few comparisons between the cerebrospinal fluid and the serum 
ultrafiltrate have been made in cases where the total serum-calcium is abnormal. 

At the outset of the present work the intention was to make comparisons 
between the calcium of serum and of cerebrospinal fluid in conditions where the 
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serum-calcium was markedly raised or lowered, and this has been done in cases 
of tetany, uraemia, osteitis fibrosa and some other diseases. Later the scope of 
the work was extended, and the serum was analysed for total calcium, diffusible 
calcium, protein and phosphorus. It is unfortunate that some cases of tetany 
were examined before the experiments on ultrafiltration were begun. 


METHODS. 


Calcium was estimated by the method of Kramer and Tisdall as described by Harrison [1930], 
but the following technical points require comment. Firstly, the time allowed for precipitation of 
the calcium oxalate was in most instances more than 2 hours and often overnight. This was done 
as a precaution, though half an hour is probably adequate for the majority of sera. Secondly, the 
conditions of washing the precipitate of calcium oxalate must be considered. The precipitates 
obtained from cerebrospinal fluids or from ultrafiltrates do not pack closely enough to be left 
undisturbed by decantation, and removal of the supernatant with a pipette is therefore preferred. 
In analyses of pure calcium chloride solutions it was found that the soluble oxalate was completely 
removed by the second washing, and that a third washing caused no loss of calcium oxalate 
(ordinarily the residue was twice washed). In these and all other determinations the “blank” 
value was obtained by taking a little of the last supernatant fluid (comparable with that left with 
the final residue) and treating it in the same way as the residue. In this way correction is made for 
any soluble oxalate remaining with the calcium oxalate. The “blank” value was almost con- 
stantly 0-03 cc. N/100 permanganate. 

Wherever possible, 4 cc. of cerebrospinal fluid or ultrafiltrate were used, but in some cases it 
was not possible to obtain so much ultrafiltrate, and some of the figures for diffusible calcium are 
based on single determinations on 2 cc. fluid. The errors likely to occur under these conditions are 
not great enough to affect the main significance of the results. 

Phosphate. Inorganic phosphate was estimated in serum or oxalate-plasma by the method of 
Briggs [1922]. The time elapsing between collection of the blood and removal of the plasma from 
the corpuscles was not more than half an hour and was usually about 10 to 15 minutes. 

Serum-proteins. Only total protein estimations have been made in the present series of cases. 





Some of these were made by the micro-Kjeldahl method using Pregl’s apparatus [ Harrison, 1930] 
but the majority by the colorimetric method in the form used by Greenberg [1929, 1]. 

In a preliminary comparison of these two methods, using sera and exudate fluids in which the 
ratio of albumin to globulin varied through a wide range, it was found that the results agreed well 
for total protein, but that considerable discrepancies sometimes occurred in the determination of 
the ratio of albumin to globulin. Tuchman and Sobotka [1932] have obtained similar results in 
comparing the Kjeldahl method with the colorimetric method as described by Wu. 

Albumin and globulin have different tyrosine equivalents in the colorimetric method, but in 
spite of this there was a very constant relation between the total protein-nitrogen as determined 
by the Kjeldahl method and the tyrosine equivalent of total protein in the colorimetric method. 
Greenberg’s factor, 1 mg. tyrosine=16-0 mg. total protein, was found to hold good in spite of 
variations in the ratio of albumin to globulin, and it was therefore considered justifiable to make 
total protein estimations by the colorimetric method without separating the albumin and globulin 
fractions. 

In the two cases where Bence-Jones protein was present in the serum, the total protein was 
estimated by the Kjeldahl method. 

Urea was determined by the method of Archer and Robb [1925]. 

Ultrafiltration. Collodion sacs were cast inside tubes 10 cm. in length and 1-6 em. in diameter. 
The solution used was 3 % pyroxylin in alcohol and ether (40 parts alcohol to 60 parts ether) and 
3 cc. ethylene glycol were added to 100 cc. of the pyroxylin solution. The sacs retained protein 
completely, as was shown by testing the ultrafiltrates with salicylsulphonic acid. The permeability 
of the sacs to calcium was checked by filtering the same sample of serum through the different 
sacs and showing that all the ultrafiltrates contained the same concentration of calcium. The 
permeability of the sacs was very constant and regular, and sacs which had been in use some 


time gave the same results as new ones. 
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In the course of ultrafiltration, the sacs tended to dry above the level of the serum contained 
in them. In time this made it necessary to discard old sacs. The drying caused them to become 
less permeable, in the sense that filtration became unduly slow, though it did not appear to alter 
the composition of the ultrafiltrate. The sacs were stored in saline solution in the refrigerator. 
Before use they were dried as completely as possible with filter-paper and rinsed with a little of 
the serum to be filtered. The first drops which formed when ultrafiltration began were blotted off 
the sac with filter-paper. Ultrafiltration was carried out under a diminished pressure of about 
150mm. mercury in the apparatus described by Greenberg and Gunther [1929]. The rate of filtration 
was such that with new sacs containing 5 to 6 cc. of serum about | cc. ultrafiltrate was collected 
per hour. 

The figures obtained at the moderate pressure used in this method are comparable with those 
of the majority of other authors who have worked on human material. High pressure ultrafiltration 
may give higher figures for diffusible calcium [ Nicholas, 1932]. 

Ultrafiltration is preferred to compensation dialysis as a method of estimating the diffusible 
calcium, because dialysis against any external fluid which does not contain the same concentration 
of free calcium as the serum is likely to cause some disturbance of the equilibrium between protein- 
bound calcium and diffusible calcium, with a consequent change in the distribution ratio. The 
concentration of the fluid inside the sac during ultrafiltration does not lead to any such disturbance 
of the distribution ratio, provided that the filtration is not too long continued [Stewart and 
Percival, 1928, 1]. In the course of the present work it has been noted that the serum inside the 
sac can be concentrated to at least half the original volume without causing any change in the 


composition of the ultrafiltrate. 
RESULTS. 


The results are given in Table I. 
Normally the total serum-calcium ranges between 9 and 11 mg. per 100 cc.; 
the cerebrospinal fluid-calcium varies from 4-5 to 5-5 mg. per 100 cc. and the 
diffusible serum-calcium is approximately equal to the cerebrospinal fluid- 
calcium. 

The present series of observations includes nineteen strictly simultaneous 
estimations of total serum-calcium and cerebrospinal fluid-calcium, in seventeen 
of which the serum-calcium is abnormal. The serum-calcium values range from 
4-4 mg. per 100 ce. to 17-8 mg. per 100 cc., but the whole range of variation in 
the cerebrospinal fluid-calcium is from 4-4 to 6-9 mg. per 100 cc. The calcium 
of cerebrospinal fluid never definitely falls below normal in hypocalcaemia and 
only rises slightly above normal in hypercalcaemia. 

There are three comparisons between the diffusible serum-calcium and 
cerebrospinal fluid-calcium in cases of hypercalcaemia. In the two cases of 
hyperparathyroidism, the diffusible calcium is markedly raised and forms a 
normal proportion of the total calcium, and there is a striking difference between 
the calcium of the ultrafiltrate and that of the cerebrospinal fluid. The case of 
C. F. shows that the discrepancy cannot be due to a delay in attaining equilibrium 
between serum and cerebrospinal fluid. When the observation was made on 
Oct. 28th, it was known that the total serum-calcium had ranged between 15-6 
and 19-2 mg. per 100 cc. for more than six weeks, and in fact it had been rising 
for months. The diffusible calcium had been observed to remain in the region of 
9-3 mg. per 100 cc. for seventeen days before the final observation, yet the 
cerebrospinal fluid-calctum was 5-9 mg. per 100 cc., only slightly above normal. 

In the case of A. Ho., the hypercalcaemia was mainly due to a rise in the non- 
diffusible fraction of the serum-calcium, and there was also a rise in the serum- 
protein as a result of the presence of Bence-Jones protein in the serum. There 
was a moderate rise in the diffusible serum-calcium, and very little difference 
between the ultrafiltrable calcium and cerebrospinal fluid-calcium. 
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When the total serum-calcium is markedly reduced in tetany or in uraemia, 
the diffusible calcium of the serum is also low and falls definitely below the 
cerebrospinal fluid-calcium (6 observations). 

In uraemia, a moderate fall of serum-calcium (9-0 to 7-5 mg. per 100 cc.) is 
usually associated with normal figures for diffusible calcium. This may occur 
in spite of moderate rises in the inorganic phosphate of the plasma (6-6 to 12-7 mg. 
P per 100 cc.). Higher phosphate figures are associated with more marked 
hypocalcaemia and a fall in the diffusible calcium of the serum. In most cases 
the serum-proteins are low, but the distribution of calcium between the diffusible 
ahd non-diffusible fractions does not bear a regular relationship to protein and 
phosphate figures. 

There are only two cases of hypocalcaemia with low serum-protein and 
normal plasma-phosphate (P. M. and J. McP.); in both of these the diffusible 
calcium is normal. 

Observations on diffusible calcium have been made in one case of tetany with 
low serum-calcium. The diffusible calcium was 4-1 mg. per 100 cc. or lower at all 
times when symptoms were present; on one occasion when symptoms were 
absent the diffusible calcium was 4-5 mg. per 100 ce. 

The series includes two cases of carpopedal spasm of unknown causation, 
with normal figures for both total and diffusible calcium in the serum (R. F. and 
R. B.). These are not regarded as cases of tetany. Greenberg and Gunther [1931] 
mention three similar cases of “‘hysteria and carpopedal spasm.” 


DIscUSSION. 

The relationship between the total calcium of serum and cerebrospinal fluid. 

Parallel determinations of calcium in serum and cerebrospinal fluid in 
experimental animals have been made by Cameron and Moorhouse [1925], 
Merritt and Bauer [1931, 2], Morgulis and Perley [1930] and Hertz [1930]. By 
the work of these authors it has been established that in parathyroidectomised 
animals the calcium of the cerebrospinal fluid is only slightly lowered in spite of 
the hypocalcaemia, and that when the total serum-calcium falls to the level of 
4 to 5mg. per 100 cc. the figures for calcium in serum and cerebrospinal fluid 
become approximately equal. On the other hand, when hypercalcaemia is 
induced by administration of parathormone, the cerebrospinal fluid-calcium is 
only slightly raised, and figures of 12 to 17-2 mg. per 100 cc. in serum have been 
recorded in association with figures of 5-2 to 6-8 mg. per 100 cc. in cerebrospinal 
fluid. These results are shown in Fig. 1. Similar, though rather more variable 
results were found when hypercalcaemia was induced by continuous intravenous 
injections of calcium salts [Morgulis and Perley, 1930]. The findings in the 
present series of human cases agree well with those recorded in experimental 
hypo- and hyper-calcaemia. 

Parallel observations of calcium in serum and cerebrospinal fluid in various 
human diseases have been made by Cantarow [1929, 1, 2], Leicher [1922], 
Pincus and Kramer [1923], Berenczy [1929], Merritt and Bauer [1931, 1, 2}, 
Critchley and O’Flynn [1924], Lennox and Allen [1930], Kral ef al. [1929], 
Weston and Howard [1922], Parhon and Ornstein [1930], Hamilton [1925], 
Halverson and Bergeim [1917], McCance and Watchorn [1931; 1932, 1], and 
Nourse e¢ al. [1925]. The vast majority of the observations of these authors were 
made in cases where the total serum-calcium was normal or only slightly raised 
or lowered. The data obtained in meningitis must be considered separately, for, 
as Merritt and Bauer [1931, 1] have pointed out, the cerebrospinal fluid-calcium 
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may rise above normal in such cases. The rise in protein in the cerebrospinal 


fluid in inflammatory conditions will cause some alteration in the distribution of 


calcium between plasma and cerebrospinal fluid, but there may be other factors 
involved. Observations in such cases are not comparable with those in which 
the meninges are normal and ought not to be used as a basis for the study of the 


normal equilibrium between plasma and cerebrospinal fluid. The data of 


McCance and Watchorn [1932, 1] for cases of meningitis include some definitely 
high figures for cerebrospinal fluid-calcium (6-5 to 7-9 mg. per 100 cc.), but the 
majority of the results fall between 5-2 and 6-5 mg. per 100 cc. McCance and 
Watchorn [1931] also record a number of high figures for cerebrospinal fluid- 
calcium in cases of general paralysis, cerebral haemorrhage and cerebral arterial 
sclerosis. 

A very large number of analyses have been made in other human diseases— 
including non-inflammatory diseases of the nervous system, mental diseases and 
a wide variety of diseases not affecting the nervous system. In all these conditions 
the cerebrospinal fluid-calcium ranges between 4-5 and 6-5 mg. per 100 cc. with 
only occasional exceptions. 

Parhon and Ornstein [1930] reported low figures for the calcium of cerebro- 
spinal fluid in epilepsy, but this is not confirmed by other authors. 

Data for hypocalcaemia in human subjects are given by Cantarow [1929, 2] 
in three cases of bronchial asthma; by Merritt and Bauer [1931, 2] in three cases 
of tetany; by Leicher [1922] in one case of tetany; by Lennox and Allen [1930] 
in three cases of tetany; and by Nourse et al. [1925] in seventeen cases of tetany. 
The results show that it is extremely unusual for the calcium of the cerebrospinal 
fluid to fall below 4 mg. per 100 ce. 

In Fig. 2 are assembled the data for tetany and for various other human 
diseases, collected from the literature, and including the observations of the 
present paper. The data for normal subjects and for cases of mental and nervous 
disease are excluded as being too numerous to plot. Also Cantarow’s results 
[1929, 1] cannot be shown owing to his method of recording them. 

Observations on the calcium of cerebrospinal fluid after parathormone 
administration in human subjects have been made by Merritt and Bauer [1931, 2] 
in cases of epilepsy, by Cantarow [1929, 2] in cases of epilepsy and bronchial 
asthma, and by Berenczy [1929] in various diseases. In the cases of Merritt and 
Bauer the calcium of cerebrospinal fluid remained normal in spite of hyper- 
calcaemia, and in many of Cantarow’s cases the same result was obtained, though 
some showed definite rises in the cerebrospinal fluid-calcium. All Berenczy’s 
cases showed rises in the cerebrospinal fluid-calcium, but in all it was abnormally 


high before parathormone was given. 


The relation between the calcium of cere brospinal fluid and the diffusible 
serum-calcium. 

Normally the figures for calcium are approximately the same in cerebrospinal! 
fluid and in ultrafiltrate. Very few comparisons have been made in cases where 
the serum-calcium is abnormal. McCance and Watchorn [1931], and Greenberg 
{1929, 2] have made comparisons, and found some discrepancies greater than 
can be accounted for by experimental error. In some cases the ultrafiltrate con- 
tained more calcium than the cerebrospinal fluid, in others the reverse dis- 
crepancy occurred, but very few of the figures were definitely abnormal. 
Greenberg considers that “‘when the blood-calcium is at a normal stable level, 
there is an approximate approach to an equilibrium between blood and spinal 
fluid, and the spinal fluid-calcium is then a close measure of the diffusible 
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calcium; but on the other hand, when the blood constituents are undergoing 
marked fluctuations the spinal fluid changes do not keep pace.” On this basis 
the relatively constant figures for cerebrospinal fluid-calcium in animals sub- 
jected to parathyroidectomy or treated with parathyroid hormone are explained. 
The present work shows that there must be some other factor involved beside 
the time factor—in the case of C. F. the cerebrospinal fluid failed to come into 
equilibrium with the blood after prolonged hypercalcaemia. Hertz [1930] has 
shown that in parathyroid tetany in animals, the diffusible calcium may be low 
while the cerebrospinal fluid-calcium is normal. The results of the present paper 
show similar discrepancies. 

The observation that in tetany the cerebrospinal fluid-calcium is not 
significantly lowered, whilst the diffusible serum-calcium is lowered, may explain 
the fact that the nervous symptoms of tetany are peripheral and not central. 
A reduction in the [Ca++] of the fluid in contact with the central nervous system 
has been shown to cause convulsions of central origin [Huggins and Hastings, 


1933.] 


The distribution of calcium between the diffusible and non-diffusible fractions 
in protein solutions and in serum. 


For the purpose of the present discussion it will be assumed that the non- 
diffusible calcium is bound to protein. A number of observations show that the 
diffusible and non-diffusible fractions of the serum-calcium are not to be regarded 
as independent entities but are in equilibrium with each other. The removal of 
calcium ions by precipitation with oxalate leads to a dissociation of the protein- 
bound fraction, so that the whole of the serum-calcium can be precipitated as 
oxalate. Similarly, the addition of citrate to the serum causes the whole of the 
serum-calcium to become diffusible [Stewart and Percival, 1928, 2], presumably 
owing to the removal of calcium ions by the formation of a non-ionised complex. 
The serum-calcium can be completely removed by dialysis if very large volumes 
of external saline solution are used; this shows that removal of the diffusible 
calcium disturbs the equilibrium and causes dissociation of the protein-bound 
fraction [Loeb and Nichols, 1923]. The balance between the two fractions may 
also be disturbed by the addition of more calcium in diffusible form; the added 
calcium becomes distributed between both fractions so that at the new equili- 
brium the non-diffusible fraction forms approximately the same proportion of 
the total as before. This occurs both in vivo and in vitro [Smith and Sternberger, 
1932]. 

The conditions of this equilibrium have been studied in dialysis systems by 
Marrack and Thacker [1926] and by Loeb and Nichols [1923; 1925; 1927, 1, 2]. 
This work has shown that the proportion of calcium which becomes bound to 
protein, in serum or other protein-containing mixtures, depends upon the 
following factors: the protein concentration; the nature of the protein; the 
calcium concentration in the external solution; the hydrogen ion concentration ; 
the chloride concentration; and the temperature. Some of these factors will vary 
in different pathological conditions, and there may be other significant factors as 
yet unrecognised. 

If the protein concentration varies, other factors being constant, the ratio of 
the protein-bound calcium to the diffusible calcium varies directly as the protein 
concentration. 

If the protein, p,, and chloride concentrations are constant, and the calcium 
varies, there is a regular relationship between the protein-bound calcium and the 
calcium of the external solution, as is shown by the experiments of Loeb and 
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Nichols [1927, 1]. The regularity of these results is shown in Fig. 3, where the 
results of Loeb and Nichols are plotted in a manner comparable with the other 
charts in the present paper—viz. the total calcium values in the protein solution 
are plotted as abscissae, and the calcium values of the aqueous solutions as 
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Fig. 1. Relation between serum-calcium and cerebrospinal fluid-calcium in animals at different 
levels of parathyroid function (parathyroidectomy; normal; and parathyroid-treated). 
Data collected from the literature. 


Fig. 2. Relation between serum-calcium and cerebrospinal fluid-calcium in human tetany and 


other human diseases. 
Data collected from the literature together with those of the present paper. 


Fig. 3. The distribution of calcium between serum and external fluid in a dialysis system. Data 
of Loeb and Nichols. Each straight line represents the results obtained on one serum sample 
when dialysed against external fluids of varying calcium content. 


4. Relation between total and diffusible serum-calcium in various human diseases. Data 
collected from the literature including the present paper. 
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ordinates. For each serum the result is a straight line, but the straight lines do 
not pass through the origin—with low calcium concentrations a greater propor- 
tion of calcium is protein-bound. Greenberg and Gunther [1929] have pointed 
out that these results are in accordance with Langmuir’s adsorption isotherm. 
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A change in the hydrogen ion concentration towards the acid side will cause 
a decrease in the amount of protein-bound calcium, whereas a change to the 
alkaline side will cause an increase. If the reaction is at the isoelectric point of 
the proteins the whole of the calcium becomes diffusible [Loeb and Nichols, 1925; 
Pincus et al., 1926]. The changes likely to occur in pathological conditions will 
probably cause only slight alterations in the proportions of diffusible and non- 
diffusible calcium. Marrack and Thacker [1926] state that a change from 
Py 7°4 to 7-8 will cause the diffusible calcium to fall from 5-4 to 4-5 mg. per 100 ce. 
They make the suggestion that alkalosis tetany may be due to this effect, but 
Greenberg and Gunther [1931] have found that in alkalosis tetany the diffusible 
calcium is normal. Hertz [1929] found a slight, but scarcely significant, fall in 
the diffusible calcium in this condition. 

A fall in chloride concentration causes an increase in the proportion of calcium 
bound to protein, and the effect is large enough to be of importance in patho- 
logical conditions. The figures of Loeb and Nichols [1927, 1] indicate that if the 
total calcium remained steady at 13-0 mg. per 100 cc. one would expect that a 
fall in chloride concentration from approximately 130 to approximately 30 mM | 
would cause a fall of diffusible calcium from 8 mg. per 100 cc. to approximately 
5 mg. per 100 cc. 

In this discussion the diffusible fraction has been treated as a single entity. 
If it in fact includes two components, an ionised portion and a non-ionised 
diffusible complex, then there will be two balanced reactions to consider— 
between ionic calcium and protein-bound calcium, and between the ionised and 
non-ionised fractions of the diffusible calcium. Such subdivisions are still a 
matter of controversy. Benjamin and Hess [1933] subdivide both diffusible and 
non-diffusible fractions according to the amount removed by adsorbing agents. 


Total and diffusible calcium in pathological conditions. 

The distribution of calcium in human sera in various diseases has been 
studied by McCance and Watchorn [1931; 1932, 2], Benjamin and Hess [1933], 
Greenberg and Gunther [1930, 1, 2, 3; 1931; 1932], Greenberg [1929, 1, 2], 
Liu [1927; 1928], Kirk and King [1926], Pincus e¢ al. [1926], Snell [1930], Weill 
[1932, 1, 2] and Hertz [1929]. 

For the purposes of the present discussion the results of these authors, to- 
gether with those of the present paper, have been grouped as follows: (1) tetany, 
excluding alkalosis tetany, 28 cases; (2) uraemia, 33 cases; (3) serum-proteins 
below 6 % in cases other than uraemia and tetany, 20 cases; (4) pregnancy, 
16 cases; (5) hyperparathyroidism, 5 cases, and (6) all conditions not included in 
the preceding categories, 180 cases. Some observations have been omitted owing 
to difficulty in classifying them. The last group serves as a control group. The 
“normal” diffusible calcium as judged from these data may be taken as 4-5 to 
6-5 mg. per 100 cc. In 90 % of the control cases the diffusible calcium forms 
45 to 65 % of the total and is on the average 52 %. 

Data in cases of pregnancy vary. McCance and Watchorn [1932, 2] found in 
most instances an unusually high proportion of diffusible calcium; Kirk and 
King [1926] recorded the reverse effect. 

The data from the other groups of human cases collected from the literature, 
together with those reported in the present paper, are assembled in Fig. 4. Here 
the total serum-calcium values are plotted as abscissae and the diffusible 
calcium values as ordinates. The line OA is drawn through the origin and the 
point corresponding to total calcium 10-0, diffusible calcium 5-2; any observa- 
tions where the diffusible calcium forms 52 °% of the total will fall on this line, 
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which marks the average percentage of diffusible calcium in the control cases. 
Similarly OC and OB represent 45 % and 65 % respectively, and mark the 
range within which 90 °% of the “‘control” data fall. The actual “control” data 
are not plotted, but the lines OA, OB, and OC are derived from them and serve 
as guides to show whether, in the other cases, the diffusible calcium keeps the 
normal proportion or not. Points falling above OB indicate a disproportionately 
low non-diffusible fraction, and points falling below OC indicate a disproportion- 
ately low diffusible fraction. 

In the group of cases where the serum-protein is below 6 % (plotted in Fig. 4 
as solid triangles), the diffusible calcium is almost always normal, and when the 
total calcium is low, the protein-bound fraction is reduced. This is most clearly 
shown in those cases where the serum-protein is very low [Liu, 1927]. 

McCance and Watchorn [1932, 2] state that the protein concentration of the 
serum has no effect on the proportion of non-diffusible calcium. Their data, 
however, were obtained on sera in the majority of which the proteins were 
normal. It appears that so long as the variations in the serum-protein fall within 
the normal range, the relationship between protein and protein-bound calcium 
is obscured by other factors affecting the equilibrium, but when the protein is 
markedly reduced, the protein concentration becomes the predominant factor. 

The cases of uraemia (plotted as solid circles in Fig. 4) are collected from the 
data of McCance and Watchorn [1932, 2], Pincus et al. [1926], Hertz [1929] and 
the present paper. The proportions of diffusible and non-diffusible calcium vary 
widely, and although in general low serum-protein is accompanied by a high 
proportion of diffusible calcium, and marked phosphate retention causes a fall 
in both total and diffusible calcium, it is not possible tg explain the figures 
entirely in terms of variations in protein and phosphate. The effects of acidosis 
and of chloride retention probably play a part also. The phosphate retention 
alone should not cause any disturbance of the normal distribution ratio [Marrack 
and Thacker, 1926]. 

[t is of interest that a normal diffusible calcium concentration may exist in 
spite of phosphate retention—examples of this occur in the data of Pincus e¢ al. 
and in the present paper. In the more severe degrees of hypocalcaemia the 
absolute value of the diffusible calcium falls, and in such cases tetany may 
occur. No definite “tetany level”’ of diffusible calcium seems to exist in uraemic 
cases. 

In the 15 cases of tetany (plotted in Fig. 4 as open circles) the diffusible 
calcium ranges from 2-0 to 4:2. There are four observations where the points fall 
above OA; three of these are the data from the case A. Hi. of the present paper, 
where the serum-protein was below normal. The majority of the other observa- 
tions show a disproportionate reduction in the diffusible calcium as compared 
with the total calcium. This would be expected in hypocalcaemia with normal 
serum-protein (see Fig. 3). Some of the cases of tetany described by Greenberg 
and Gunther [1931] show a definite reduction in the diffusible calcium associated 
with a normal total calcium figure. The variation in the proportion of diffusible 
to total calcium may possibly be connected with variations in chloride meta- 
bolism. According to Morris eé al. [1931] there are abnormalities of chloride 
metabolism in tetany. Although the proportion of diffusible calcium to total 
calcium is so variable in tetany, these observations on human cases show very 
definitely that the absolute value of the diffusible calcium is always subnormal ; 
all cases of tetany show diffusible calcium values of 4:2 mg. per 100 cc. or lower. 
It is striking that a horizontal line drawn across Fig. 4 at the level of 4-2 mg. 
diffusible calcium per 100 cc. precisely separates the tetany cases from the cases 
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in the “low protein” group. (The data on human tetany are derived from: 
Greenberg and Gunther [1931]; Liu [1927; 1928]; Pincus e¢ al. [1926]; Snell 
[1930], Hertz [1929] and the present paper.) 

The data for diffusible calcium in experimental parathyroid tetany are much 
less regular than those just discussed. Such observations have been made by Von 
Meysenbug and McCann [1921], Cruikshank [1923], Pincus e¢ al. [1926], Reed 
[1928], Hertz [1930], Benjamin and Hess [1933], Snell [1930] and Moritz [1925]. 

The results of Von Meysenbug and McCann, and Cruikshank were obtained 
using compensation dialysis as a method of determining the diffusible calcium 
and Lyman’s nephelometric method for the calcium analyses. (Lyman’s method 
has been criticised as giving irregular results.) The majority of the data of the 
remaining authors, who used ultrafiltration, show that the diffusible calcium 
falls in parathyroid tetany though the proportion of the diffusible to the total 
calcium is variable. 

The data obtained for dogs at different levels of parathyroid function 
(normals, parathyroidectomised dogs and dogs treated with parathyroid 
extract) are collected in Fig. 5, which is compiled from the data of Pincus et al., 
Reed, Hertz, Benjamin and Hess, and Snell. The results of Moritz for rabbits 
are similar. 


ible caleium mg. per 100 ce. 





Diff 


91734 5 67 8 9 1011 12 13 14 15 16 17 18 19 20 
Total calcium mg. per 100 cc. 
Fig. 5. Relation between total and diffusible calcium in dogs at different levels of parathyroid 


function. (Parathyroidectomy; normal; parathyroid-treated). 
Data collected from the literature. 


There are observations in five cases of human hyperparathyroidism—one 
recorded by Benjamin and Hess [1933], two by Snell [1930] and two in the 
present paper. These show that the total and diffusible calcium both rise, 
maintaining their normal proportions (Fig. 4). The data in animal experiments 
are very variable (Fig. 5). Probably in the human subjects, suffering from 
chronic disease, the metabolic conditions are more constant and regular than in 
animals subjected to experimental procedures. The observations in hypo- and 
hyper-parathyroidism do not suggest that the action of the parathyroid 
hormone in any way affects the distribution of calcium between the diffusible 
and non-diffusible fractions. It seems probable that whatever may be the 
concentration of the diffusible calcium, and whatever the factors that determine 
it, the concentration of the protein-bound calcium will adjust itself to come 
into equilibrium with the diffusible calcium, the particuldr distribution ratio 
being determined by the nature and quantity of the protein, the hydrogen ion 
concentration, and the chloride concentration. No description of the variations 
in the distribution ratio can be complete without a knowledge of all these factors. 
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SUMMARY. 


1. In human cases of hypocalcaemia and hypercalcaemia, the calcium of the 
cerebrospinal fluid remains relatively constant in spite of very wide variations in 
serum-calcium. 

2. The cerebrospinal fluid-calcium cannot be taken as a measure of the 


diffusible calcium of serum. In hyperparathyroidism the diffusible calcium of 


the serum is greater than the cerebrospinal fluid-calcium ; in tetany and in some 
cases of uraemia the diffusible calcium falls below the cerebrospinal fluid- 
calcium. 

3. In hypocalcaemia associated with low serum-protein and normal inorganic 
phosphate, the diffusible calcium is normal. 

4. In the hypocalcaemia of uraemia, the diffusible calcium of serum may be 
normal if the reduction in total calcium is only moderate. With the more severe 
degrees of hypocalcaemia, the diffusible calcium falls below normal, and in such 
cases tetany may occur. 

5. In tetany, the diffusible calcium falls below normal; the relation of 
diffusible to total calcium is variable. 

6. In hyperparathyroidism, the diffusible calcium rises, and the normal ratio 
of diffusible to total calcium is maintained. 


I wish to express my thanks to members of the Medical and Surgical Staff 
of the Royal Victoria Infirmary and the Newcastle General Hospital for kindly 
giving me the opportunity to carry out the investigations here recorded. 
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Ir is generally agreed at the present time that the immediate cause of simple 
hyperplastic goitre is an iodine deficiency, whereby the thyroid gland becomes 
hyperplastic in an attempt to manufacture an adequate amount of its iodine- 
containing hormone. This is amply proved by the work of Marine who has 
shown that the administration of adequate amounts of iodine will prevent the 
occurrence of thyroid hyperplasia no matter what the goitrigenic agent. Iodine 
deficiency may be absolute or relative, or a combination of the two. In absolute 
iodine deficiency there is a deficient intake; in relative deficiency the intake is 
normal, but either (1) the absorption of iodine from the alimentary tract is 
impaired, or (2) the tissues for some reason utilise larger amounts of the thyroid 
hormone than the gland can normally supply without enlarging. It is this second 
factor which is of importance in studying the fundamental cause of simple goitre, 
for it is probably the essential cause of those thyroid enlargements which occur 
at puberty, during pregnancy and lactation and at the menopause. 


The production of goitre by cabbage feeding. 

Chesney, Clawson and Webster [1928] discovered that their stock rabbits, 
maintained on a diet consisting of a daily ration of fresh cabbage, a ration of oats 
three times a week and one of hay once a week developed large hyperplastic 
goitres. This was subsequently confirmed by Marine et al. [1929], and by 
McCarrison [1931]. It was further shown by Marine et al. [1929] and Webster 
et al. [1931] that the production of the thyroid hyperplasia was not due to an 
absolute iodine deficiency but to a powerful goitrigenic agent contained in the 
cabbage. Samples of cabbage grown in different parts of the country had 
approximately the same iodine content but varied greatly in their goitrigenic 
potency, and goitrigenic cabbage when dried in a current of air at room tempera- 
ture lost its power of producing goitre [Marine et al., 1930]. The observation that 
the goitrigenic power of cabbage is not dependent on an absolute iodine 
deficiency has recently been confirmed by Hercus and Aitken [1933] in New 
Zealand. An active sample of cabbage may produce in rabbits a thyroid 
enlargement two or three times its normal size in three weeks. Steaming the 
cabbage increases its activity [Marine et al., 1929]. The goitrigenic substance in 
cabbage is extractable with ether [Baumann ef al., 1931]. Various vegetables of 


the Brassica group, such as Brussels sprouts (B. oleracea, var. bullata gemmife ra) 
and cauliflower (B. oleracea botrytis) were found to produce thyroid hyperplasia 
approximately to the same degree as cabbage (B. oleracea capitata) [Marine et al., 
1929]. 


Communicated to the Medical Research Society on October 20th, 1933. 
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Realising the importance of being able to produce goitre in rabbits by means 
of cabbage feeding, we made the attempt in London in 1929, reproducing as 
nearly as possible the conditions to which Chesney’s animals were subjected. 
The animals used were young Dutch rabbits, their. weights at the beginning of 
the experiment ranging from 1 to 2 kg. They were housed in separate cages 
and were not exposed to direct sunlight. Wood shavings were used as bedding 
and were renewed once a week. The cages were cleaned out once a week. Six 
rabbits received as their diet a daily ration of fresh cabbage obtained from a 
greengrocer, a ration of whole oats three times a week and hay once a week. They 
recéived no water to drink. Six rabbits as controls received a daily ration of hay, 
bran and greenstuff such as pea-pods. Before the animals were put under 
experimental conditions, the neck was opened under ether anaesthesia and the 
thyroid found to be normal in size and appearance. A small portion of the gland 
removed for section was normal. On February 12th the animals were put under 
experimental conditions which were maintained until December 3rd, a period 
of 295 days. Their nutrition and growth were good, but at the end of this time 
their thy roid glands were normal in size and in histological appearance. 

Marine et al. [1929], Webster et al. [1931], McCarrison [1931] and McCarrison 
and Madhava [1932-33] demonstrated later the occurrence of seasonal variations 
in the goitrigenic activity of cabbage, cabbage maturing in the autumn and winter 
being active and cabbage maturing in the spring and summer being practically 
inactive. This factor could not account for the negative results in this experiment, 
as the animals received both varieties, and winter cabbage was fed for the two 
months preceding the end of the experiment. It was considered at this time that 
English cabbage was non-goitrigenic. 

Having seen in Marine’s laboratory the considerable thyroid enlargement 
which may be produced in 3 weeks by ¢ sabbage feeding, and taking into con- 
sideration the fact that the goitrigenic power of cabbage shows considerable 

variations in different years [Webster et al., 1931], we repeated these experiments 
in the spring and summer of 1933. The cabbage used was summer cabbage and 
was obtained from Cornwall. Negative results were obtained in a batch of four 
rabbits aged 9 weeks which were fed with steamed whole cabbage in amounts 
equivalent to 75 calories per kg. per day (the food value of cabbage being 
calculated as 3-1 g. equivalent to 1 calorie), with the addition of 17 g. of whole 
oats and 20 g. of hay twice weekly. 

Although we did not expect positive results with summer cabbage, from the 
negative results which we had been obtaining with other known goitrigenic 
agents we began to suspect that our previous*failure to produce thyroid hyper- 
plasia by means of cabbage feeding might have been due to an antigoitrigenic 
property of the hay and oats which supplemented the animals’ diet. Conse- 
quently we fed a batch of eight rabbits, aged 2 to 4 months, on fresh cabbage 
(from Buckinghamshire) daily: four received in addition 35 g. of whole oats 
daily, and four 35 g. of rolled oats daily. They received no hay and no water. 
At the end of 21 days those on cabbage and rolled oats had marked thyroid 
hyperplasia and enlargeme nt; those on cabbage and whole oats had hyper plasi sia 
and enlargement, but less marked (Table I). Three animals with marked thyroid 
hyperplasia then continued with their diet of cabbage and oats, with the 
addition however of hay, for a further 21 days. At the end of this time their 
thyroids had involuted. This was not due to the inactivity of this sample of 
cabbage, since in a concurrent experiment it produced thyroid hyperplasia. 

These experiments show fairly definitely that the hay and whole oats 
obtained in this country have an antigoitrigenic effect, and may explain our 
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Table I. The effect of hay, whole oats and rolled oats on the production of 
goitre in rabbits by feeding with equivalent amounts of cabbage daily for 21 days. 


Hay and whole oats Whole oats. No hay Rolled oats. No hay 
— . - — een a _ ‘ —— a 
Condi- Condi- Condi- 
Age Weight tion of Age Weight tion of Age Weight tion of 
Sex weeks ing. thyroid No. Sex months in g. thyroid No. Sex months ing. — thyroid 
I 9 1095 _ 75 F 34 1155 69 M { 1420 
M 9 LOT = 77 F 3 1252 ‘ 80 M 3 1217 
F 9 844 ~ 9] M 2 807 — 107 M 23 1300 
F 9 972 - 92 M 2 947 - 106 M 2 892 -+ 
about twice normal size. marked hyperplasia. — + =slightly enlarged, moderate hyperplasia. — =normal. 


previous failure to produce thyroid hyperplasia by cabbage feeding. It is of 
interest that the batch of cabbage used in this experiment matured in the early 
summer and yet in the absence of hay was markedly goitrigenic. A subsequent 
batch of cabbage, however, obtained from the same district in the late summer 
during and just after a period of considerable drought showed little if any 
goitrigenic power. This was of value in demonstrating that the rolled oats had 
no goitrigenic effect. It is interesting to note in this connection that McCarrison 
and Madhava [1932-33] found that the goitrigenic potency of cabbage attained 
its maximum after the heavy autumn rains. 


The production of goitre by methyl cyanide. 


It was suggested by Marine et al. [1929] that the goitrigenic agent in cabbage 
acts by depressing some oxidation system, an effect which the thyroid attempts 
to overcome by producing a larger amount of its iodine-containing hormone 
with consequent hyperplasia. In studying the chemistry of the Cruciferae, to 
which the cabbage family belongs, it was found that the presence of a mustard 
oil (isothiocyanate) was a specific characteristic of this group of plants [Gilde- 
meister and Hoffmann, 1916]. Weith [1873] had observed that when a mustard 
oil is distilled under suitable conditions it is converted into its corresponding 
cyanide (nitrile), and about the same time Hoffmann [1874] had succeeded in 
isolating organic cyanides from several of the Cruciferae. These observations, 
and the fact that cyanide is a powerful depressor of tissue oxidation led Marine 
et al. [1932] to determine the effect of the daily subcutaneous injection of small 
doses of various organic cyanides on the thyroid gland of young rabbits main- 
tained on a diet of alfalfa hay and whole oats. Striking thyroid hyperplasia and 
enlargement were obtained after 21 days in about 70 % of the animals by the 
daily subcutaneous injection of 0-1 to 0-15 cc. doses of methyl cyanide, the least 
toxic of the nitriles. This has been confirmed by McCarrison [1933]. Several 
other organic cyanides produced thyroid reactions to a less degree. The produc- 
tion of thyroid hyperplasia by means of organic cyanides is dependent entirely 
on the gradual liberation of hydrocyanic acid in the organism, and it was found 
that organic cyanides which are relatively stable, such as phenyl cyanide 
(C,H;CN), produced no thyroid reaction. Further, animals such as chickens, in 
which hydrocyanic acid is liberated only to a very small degree even from such a 
nitrile as methyl cyanide, failed to develop thyroid hyperplasia [Spence, 1933]. 
The production of thyroid hyperplasia by means of cyanides could be prevented 
by the administration of iodine [Marine et al., 1932], and is an illustration of the 
importance of a relative iodine deficiency in the aetiology of goitre. The particular 
nitrile which may be present in cabbage has not been isolated; in McCarrison’s 
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laboratory acid hydrolysis of cabbage yielded 6-3 mg. of cyanogen per kg., which 
did not necessarily represent the total amount present [Ranganathan, 1933]. 
In endeavouring to repeat the production of thyroid hyperplasia by methyl! 
cyanide in London we were again impressed with the importance of diet in the 
prevention of goitre, a fact which McCarrison has repeatedly stressed. Four 
rabbits, aged 2} to 3 months and weighing from 600 to 2550 g. received daily 
subcutaneous injections of methyl cyanide in doses ranging from 0-06 to 0-16 ce. 
They were maintained on a diet of hay, whole oats and tap water. At the end of 
24 days their thyroid glands were normal. Because of these negative results it 
was considered that the diet which they were receiving might be markedly 
antigoitrigenic. To test this hypothesis a batch of 24 rabbits, aged 2 to 3} months, 
were given 0-1 cc. of methyl cyanide daily, but were divided into four groups, 
which received various modifications in their diet. All were kept on about 20 g. 
of hay daily, but group I received daily in addition 35 g. of whole oats and tap 
water, group II, 35 g. of rolled oats and distilled water, group III, 35 g. of rolled 


oats and tap water, and group IV, 35 g. of whole oats and distilled water (Table I). 
f J g 

Those on whole oats and tap water again had normal thyroid glands at the end 

of 21 days; of those on rolled oats and distilled water, three had marked thyroid 


Table II. The effect of methyl cyanide on the thyroid gland of rabbits fed on 
various diets. (Period, 21 days.) 


Hay, whole oats, tap water 


Age 

No. Sex months 
55 F 34 
65 F 3 
72 M 23 

71 F 24 
78 M 2 

79 F 2 


Controls receiving no cyanide 


Weight 


Daily 
dose of 
methyl 
cyanide 
(subeut.) Condition 


in g. ee. of thyroid 
1325 0-1 — 
1165 ne _ 
1132 s - 
1370 n= —? 
992 aa —+ 
1330 


Hay, rolled oats, tap water 





Age Weight 


JS 
No. Sex months 
72 M 3} 
68 M 3 
69 M 3 
100 M 2} 
101 F 24 
86 M 2 
Controls receiving no cyanide 
76 F 24 


+ +=more than three times normal size, marked hyperpiasia. 


Daily 
dose of 
methyl 
cyanide 
(subcut.) Condition 


in g. ce. of thyroid 
1132 0-1 ss 
1217 _ 
1175 _ 
1157 =a 
1130 os ae 
992 0-075 os 

1125 Nil —? 


+ + =more than twice normal size, marked hyperplasia. 
+=about twice normal size, marked hyperplasia. 


No. 


71 
66 
67 
97 
99 
9d 


60 


Hay, rolled oats, distilled water 


Daily 

dose of 
methyl 
cyanide 
(subcut.) Condition 


Age Weight 


Sex months in g. ce. of thyroid 
M 34 1004 0-1 (-)* 
F 3 1167 a - 

F 23 1075 

M 23 1069 ik 

F a 1102 - — 

M 2 1082 a i 

F 24 1115 Nil - 

F 23 953 ‘ = 

M a 1175 —? 
M 2 1140 -? 


Hay, whole oats, distilled water 





Daily 

dose of 

methyl 

cyanide 

Age Weight (subcut.) Condition 

Sex months in g. ee. f thyroid 
F 3} 1537 0-1 = 
F 3 1175 2 —? 
F 3 1079 
F 23 1157 . 
M 24 1187 x -— 
M 3 852 0-075 = 
i 33 937 Nil -_ 


slightly enlarged, moderate hyperplasia. 
possibly slightly enlarged, possibly s 
— =normal. 

* Died after four days. 


light hyperplasia. 
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enlargement, two had normal glands and the sixth died during the experiment. 
The thyroid responses in the other two groups on rolled oats and tap water, and 
on whole oats and distilled water, were either slight or negative. Four control 
animals of the same age and breed, which received no cyanide, but a diet of hay, 
rolled oats and distilled water, had normal thyroid glands. The three rabbits in 
group II which had marked thyroid hyperplasia were then given whole oats and 
tap water, instead of rolled oats and distilled water, and continued with their 
cyanide injections for a further 27 days. At the end of this time their thyroid 
glands had involuted. 

There is thus no doubt that whole oats and tap water are definitely antago- 
nistic to the goitrigenic action of methyl cyanide. From our cabbage experiments 
there is also evidence that better thyroid reactions could be obtained with 
cyanide if the hay were eliminated. Experiments are proceeding on these lines, 
for in order ultimately to test the antigoitrigenic power of various substances it 
is essential to have a reliable method of producing thyroid hyperplasia, and with 
this in view it is consequently of importance to use a diet which is not anti- 
goitrigenic. On the other hand, it is preferable to use only one goitrigenic agent, 
and therefore in producing thyroid hyperplasia by means of methyl cyanide or 
any other goitrigenic substance, care should be taken to determine that the diet 
is not goitrigenic. The diet used should be one which McCarrison terms neutral, 
and this will vary in different localities. Cabbage feeding does not form a 
reliable method of producing thyroid hyperplasia, because as mentioned pre- 
viously the goitrigenic activity of cabbage varies so considerably. 

With regard to the nature of the antigoitrigenic substance, or substances, in 
hay, whole oats and tap water, we have not made determinations of the iodine 
content, as it does not lie within the scope of our present research. The iodine 
content of London tap water is approximately 4y (0-004 mg.) per litre [Houston, 
1929], which is insufficient by itself to prevent thyroid hyperplasia under the 
above experimental conditions. In considering the possibility of any difference 
in the iodine contents of whole oats and of rolled oats, it is unlikely that iodine is 
lost during the process of producing rolled oats. This process consists essentially 
in removing the husk by crushing and then passing the oats between hot rollers. 
Marine et al. [1933] have recently drawn attention to the occurrence in plants of 
antigoitrous substances other than iodine. Such substances have to be taken into 
account in considering the antigoitrigenic action of various foodstuffs. 


The relation between the production of thyroid hyperplasia by methyl cyanide 
(acetonitrile) and the Hunt acetonitrile reaction. 

Objections to the hypothesis concerning the mode of production of thyroid 
hyperplasia by means of methyl cyanide have been raised [Thomson and 
Collip, 1933] on the grounds that it does not appear to run parallel with the 
work of Hunt [1923], who showed that the administration of thyroid substance 
and thyroxine diminished the resistance to acetonitrile of all animals tested, 
except the mouse. Hunt explained the diminished resistance to acetonitrile 
following the ingestion of thyroid substance by the increased metabolism, 
whereby hydrocyanic acid was liberated more rapidly from the molecule of 
acetonitrile with consequently greater toxic effects. There is no evidence to 
refute this hypothesis, and we are in complete agreement with it. Superficially 
it appears that if, according to Marine’s theory with which we also concur, 
thyroid hormone is antagonistic to the action of cyanide, then one would expect 
the administration of thyroid hormone to increase the resistance to acetonitrile. 
This, however, does not necessarily follow, for it would hold only if the 
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antagonism between thyroid hormone and cyanide were a direct one. The 
antagonism between the two substances is more complicated. 

The experiments of Hunt on the diminished resistance to acetonitrile in 
hyperthyroid animals do not contradict the hypothesis of Marine and his 
collaborators on the mode of production of thyroid hyperplasia by means of 
acetonitrile, because the two series of experiments are not comparable, in that 
they involve two entirely different mechanisms. If thyroid hormone be given 
before the acetonitrile, so that the organism has an increased metabolism, then 
one would expect the resistance to acetonitrile to be diminished, as Hunt has 
explained. If, on the other hand, acetonitrile be given without the previous ad- 
ministration of thyroid, then there is a depression of tissue metabolism which the 
thyroid endeavours to overcome. 

SUMMARY. 

1. Thyroid hyperplasia has been produced in rabbits by feeding cabbage 
which was grown in England, although this cabbage matured in the early 
summer. Cabbage which matured in the later summer during a period of drought 
was practically inactive. 

2. Previous failures to produce thyroid hyperplasia by means of cabbage 
were due not necessarily to the inactivity of the cabbage, but to the presence of 
antigoitrigenic substances in the hay and oats with which the animals’ diet was 
supplemented. 

3. The production of thyroid hyperplasia in rabbits by means of the daily 
administration of small doses of methyl cyanide (acetonitrile) has been confirmed. 

4. In attempting to produce thyroid hyperplasia by means of goitrigenic 
agents, it is essential that the animals’ diet be not antigoitrigenic. It is important 
that their diet should be what McCarrison terms neutral. 

5. The relation between the production of thyroid hyperplasia by acetonitrile 
and the Hunt acetonitrile reaction is discussed. 


We wish to thank Prof. F. R. Fraser for the interest he has taken in this work. 
One of us (A. W.S.) is greatly indebted to the Medical Research Council for per- 
sonal and expenses grants. 
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In an earlier paper [Dann, 1932, 2] an account was given of experimental work 
devised to ascertain the channels through which young mammals receive supplies 
of vitamin A up to the time of weaning. The placenta, the colostrum and the 
milk are the three available channels; but of their relative importance and the 
factors controlling the efficiency of each we know almost nothing. The experi- 
ments previously described were made upon rats and rabbits, and unfortunately 
in these species it was not possible to distinguish between the colostrum and the 
milk. It is therefore necessary to examine the colostrum and milk of other species 
in order to find their relative importance in supplying vitamin A to the suckling. 
At the same time it is to be expected that variation will occur between different 
species, and so it will be necessary to examine the colostrum of a number of 
species before drawing any general conclusions about the importance of colostrum 
as a vitamin A carrier. In this paper a preliminary study of cow’s colostrum is 
described. 
EXPERIMENTAL. 


The experimental animals. The work to be described consists of a series of 
measurements of the vitamin A and carotene content of the colostrum and milk 
of individual cows of a herd of dairy shorthorns belonging to Cambridge 
University Farm. The composition and management of the herd have been 
described by Mansfield and Garner [1931], and for the present purpose it is only 
necessary to recapitulate the following details of the feeding of the animals. The 
herd grazes collectively in summer and in the winter receives hay collectively in 
covered yards. During the winter roots are given to the animals individually and 
all the year round concentrated foods are given individually to each animal in 
proportion to its milk yield. The roots given are marrow kale, sugar beet pulp 
or mangolds; the concentrates vary according to the market price of the 
constituents, but a typical concentrate contains crushed beans, flaked maize, 
crushed oats, ground nut cake, cottonseed cake, bran and steam bone flour. 
Thus the carotene of the cow’s diet (on which it is wholly dependent for carotene 
and vitamin A in the colostrum and milk) is chiefly supplied by the grass or hay, 
to a small extent by the roots, and much less still by the concentrates. 

In the management of lactation it must be noted that the cows are allowed a 
dry period of two months before calving, and after birth a calf is allowed to suck 
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for four days before it is weaned and the parent milked. Throughout lactation 
the cows are milked morning and evening and the best milkers in the afternoon 
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Fig. 1. The vitamin A concentration in colostrum and milk of individual cows. 
In each diagram the columns refer to successive samples of colostrum and milk obtained at 
12-hourly intervals; the left-hand column represents the first sample taken just after calving. 
The height of the closed columns indicates the amount of vitamin A in B.v. (on the scale 
given) contained in 10g. of the sample. Columns not closed at the top indicate that the 
12-hourly sample was not assayed, except where the figure 0 is placed above the column to 
show that no measurable amount of vitamin A was contained in 10g. of the sample. 


also. All samples examined in this work were taken at morning or evening 
milking time except the first sample from each animal, which was taken within 
an hour after calving. 
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Examination of the samples of colostrum and milk. Each sample of colostrum 
and milk was examined by colorimetric methods for carotene and vitamin A. 
So far as the writer is aware, no method of separating the vitamin A from milk in 
a way suitable for subsequent application of the Carr-Price test has been 
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Fig. 2. The carotene concentration in colostrum and milk of individual cows. 


Arrangement of diagrams exactly as in Fig. 1. 






described. In extracting the carotene and vitamin A it was however found 
possible to apply the simple alkali digestion method used for animal tissues, 
with slight modification. The strength of potash used in digesting tissues 
(usually about 5 %) is insufficient to digest the proteins of milk in a reason- 
able time. As it has been shown [Dann, 1932, 1] that even strong alcoholic 
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potash does not destroy vitamin A over long periods of time, the effect of strong 
aqueous potash in digesting the milk samples was tried. This has proved quite 
satisfactory, and tests have shown that no measurable destruction of vitamin A 
occurs over digestion periods up to twelve hours under the conditions described. 
The following procedure was used throughout. 10 g. of the sample were weighed 
into a 150 ce. conical flask and 10 ce. of 66 % KOH (w/v) added, after which 
the flask was placed in an oven at 100° and left for 2-4 hours, when digestion had 
usually proceeded sufficiently far. The flask was then cooled and its contents 
poured into a separating funnel together with 10 cc. of alcohol and 30 cc. of ether. 
On shaking the flask, the fat, carotene and vitamin A present in the digest passed 
into the ether layer, whic h was then separated, washed, dried and evaporated in 
the usual way. The resultant fatty residue was dissolved in chloroform and its 
carotene content determined by direct measurement of the yellow colour of the 
solution in a Lovibond tintometer. This procedure estimates xanthophyll and 
carotene together, but in the light of recent work [cf. Gillam et al., 1933] it is 
clear that the error in carotene determination in butter or milk-fat caused by 
the presence of the xanthophyll is on the average about 7 %; it is therefore not 
worth while separating the xanthophyll as the error inherent in the colorimetric 
method used is greater than that due to the presence of the xanthophyll. Th« 
vitamin A content of the chloroform solution was determined by the method of 
Carr and Price, the depth of blue colour produced with SbCl, in the Lovibond 
tintometer being estimated. In order to make sure that the error due to the 
presence of xanthophyll was unimportant in carotene estimations on colostrum, 
the xanthophyll content of three samples of colostrum was determined by the 
method of Gillam ef al. The first samples of colostrum obtained from Maud 6th, 
Cantab Lily and Russet 8th yielded a mixture of pigments in which the 
xanthophyll accounted for 7-6, 6-9 and 7-2 % respectively of the total colour. 
The ratio of xanthophyll to carotene therefore appears to be the same in 
colostrum as in milk. 

In this way a large number of samples have been examined and the data are 
presented graphically in Figs. 1 and 2. In Fig. 1 the vitamin A content of each 
sample is given in blue units (B.U.) of vitamin A and in Fig. 2 the carotene 
contents are given in yellow units (y.U.) of carotene. For definition of these 
units see Moore [1929]. 

Biological confirmation of the high vitamin A activity of some samples of 
colostrum. It is evident from Figs. 1 and 2 that some samples of colostrum 
were extremely rich in vitamin A and carotene as compared with later milk, 
and to leave no doubt about the results obtained by colorimetric measure- 
ments two of the richest samples were tested biologically. The following 
method was employed to check the colorimetric estimations. A rich sample was 
chosen—that yielded by the cow Foggathorpe 12 hours after calving, which had 
been found to contain 200 B.v. of vitamin A and 40 y.v. of carotene in 10 g. 
400 g. of this sample were weighed out and digested with concentrated potash as 
described above. The extraction of the fatty residue containing the carotene 
and vitamin A was then performed, and the residue was saponified by boiling 
in 25 ce. of 5 % alcoholic potash. The unsaponifiable matter was extracted and 
dissolved in coconut oil, sufficient of the oil being added to make 50 g. of solution. 
This stock solution was then examined in order to find what proportion of the 
colorimetrically determined carotene and vitamin A had been extracted from 
the colostrum and transferred to the coconut oil solution. 1 g. of the solution was 
weighed out, saponified and the residue dissolved in chloroform and examined 
as already described for carotene and vitamin A. It was found that 1 g. of the 
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solution contained 166 B.v. of vitamin A and 33 y.v. of carotene, corresponding 
to a total of 8300 B.v. of vitamin A and 1650 y.v. of carotene in the whole of the 
solution. The 400 g. of colostrum initially contained 8000 B.v. of vitamin A and 
1600 y.v. of carotene, figures identical within the limits of error of the determina- 
tions with those calculated for the whole of the stock coconut oil solution pre- 
pared, so that the colorimetrically determined carotene and vitamin A had been 
transferred quantitatively to the coconut oil solution. 

The day doses of the stock coconut oil solution to be given in the biological 
test were calculated following the demonstration of Moore [1933] that the 
growth-promoting activities of carotene and vitamin A are approximately the 
same, weight for weight. The coconut oil solution contained 166 B.U. vitamin A 
and 33 y.U. carotene per g., or 10/3 B.v. vitamin A and 2/3 y.v. carotene per 
drop. (For dosing, dropping pipettes which delivered 20 mg. +1 mg. of solution 
in each drop were used.) From the best figures available [cf. Moore and Woolf, 
1932; Carr and Jewell, 1933], ly vitamin A=4 B.v. and ly carotene =2 Y.U., so 
that one drop of the coconut oil solution contained 5 6y vitamin A+1/3y 
carotene, roughly equivalent to 7/6y of vitamin A. The minimum dose of 
carotene or vitamin A requirec to secure growth throughout a 10-week test | 
under conditions employed in this laboratory was shown by Moore [1933] to be 
about 0-5y, therefore the dosing solution (prepared from the stock coconut oil 
solution weekly) was made by diluting the stock solution to 8/3 times its own 


























Bucks each receiving 2 drops Bucks each receiving 1 drop Negative 
sing solution daily of dosing solution daily. controls 


Fig. 3. Growth curves of animals used in biological test. The rats used were three trios of matched 
bucks. One drop of dosing solution is equivalent to 60 mg. of the second sample of colostrum 


obtained from the cow Foggathorpe. 


weight with coconut oil, producing a dosing solution containing the equivalent 
of 7/16 vitamin A per drop. Two levels were tested, 1 drop and 2 drops daily, 
and the weight curves of the animals appear in Fig. 3. These show that 1 drop 
of the dosing solution daily is barely sufficient to promote growth throughout 
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the 10-week period, while 2 drops daily suffice for good growth. The growth- 
promoting activity of the solution thus tallies closely with that to be expected 
from the carotene and vitamin A content estimated colorimetrically and confirms 
the remarkable richness of the colostrum sample. The equivalent of 120 mg. 
of this colostrum daily promoted rapid growth in the rat. The richness of the 
sample obtained from the cow Janet 3rd immediately after calving was also 
confirmed in the same way. 


DISCUSSION. 


Little previous work has been recorded on the vitamin A content of cow’s 
colostrum. Drummond e¢ al. [1921] found that “‘the concentration of vitamin A 
in the fat of colostrum is decidedly higher than in the fat of later milk,” but 
their results give no quantitative information about their relative vitamin A 
contents and no other data appear to have been published. 

The results tabulated above give a quantitative statement of the vitamin A 
and carotene content of a series of samples of colostrum from individual cows 
and heifers of a well controlled herd. Among the cows examined, the late milk 
contained generally 2-5 B.v. of vitamin A per 10g., but many samples of 
colostrum contained over 100 B.v. (the highest 280 B.v.) of vitamin A per 10 g. 
The colostrum of every cow and heifer was richer in vitamin A than its later milk; 
taking a value of 3 B.v. per 10 g. as an average for the vitamin A content of the 
later milk of cows of this herd, then the richest samples from 4 animals contained 
10-20 times, from 7 animals 30-60 times and from 3 animals 60-100 times as 
much vitamin A as the “standard milk.” For every animal except one the 
colostrum had a maximum vitamin A content immediately after birth or in the 
next 12 hours, and the vitamin A content fell rapidly for a few days and then 
more slowly for a further 5-10 days until it reached the value for milk. Similarly 
the carotene content of early colostrum from each animal was higher than that 
of later milk and was very variable. The carotene and vitamin A contents of 
the best sample of colostrum from each animal are given in Table I in terms of the 
concentrations in the “standard milk.” 


Table I. 


Maximum carotene and vitamin A concentrations of samples of colostrum of each animal in 
terms of the concentrations in “standard milk” of the herd. (Standard milk contains 3 B.1 
vitamin A and 2 y.v. earotene in 10 g.) 

F Vitamin A con- Carotene con- 
centration of | centration of 
richest sample richest sample 


Animal Date of calving Cow or heifer of colostrum of colostrum 
Maud 6th Dec. 1 H 70 60 
Janet 2nd Dec. 4 Cc 50 68 
Cantab Lily Dec. 10 H 93 53 
Flora 3rd Dec. 17 Cc 33 33 
Star 3rd Dec. 24 Cc 42 15 
Lily Feb. 6 C 10 4 
Star 4th Feb. 10 C 10 2 
Russet 8th Feb. 17 H 42 12 
Constance 2nd Feb. 27 H 42 20 
Cantab Maud Mar. 7 Cc 13 4 
Janet 3rd Mar. 12 H 50 7 
Daisy 5th Mar. 21 Cc 17 10 
Foggathorpe Mar. 25 C 66 20 
Maud 4th May 6 C 42 10 


“Standard milk” 1 l 
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An interesting point in the carotene and vitamin A economy of the cow is 
revealed in Table I, which shows that although colostrum very rich in vitamin A 
was produced by animals calving at the end of the winter feeding period, no 
animal calving later than December 10th gave a colostrum very rich in carotene. 
Thus although the cow depends for its vitamin A on transforming the carotene 
of its diet [Moore, 1932], it is able to secrete vitamin A in large amounts in 
colostrum at a time when its diet is poor in carotene, so that it is evident 
that the colostrum is enriched with the vitamin at the expense of a large store 
in the body, presumably in the liver. A further point of interest is that the 
heifers generally produced richer colostrum than the cows. The average vitamin A 
content for 10 g. of the colostrum present at birth was: for heifers 157 B.v. 
(varying from 100 B.v. to 210 B.U.) and for cows 66 B.U. (varying from 10 B.v. to 
150 B.v.). This distinction between the colostrum of cows and heifers is pre- 
sumably due to the heifer having greater reserves of vitamin A because the 
reserves have not been depleted during previous lactation as with the cows. The 
figures for carotene content of the colostrum cannot be compared in this way 
because the season exerts a marked effect, and it happened that the heifers 
calved earlier in the season than the cows. 

The importance of colostrum in supplying a reserve of vitamin A to the 
newborn calf is seen from the table and figures to be considerable. Kuttner and 

tatner [1923] have stated that at calving the mother’s udder -contains from 
2 to 20 lbs. of colostrum which is ingested reflexly by the calf. In view of this, 
the following calculation may be applied to the shorthorn cows studied. Suppose 
that a typical cow of the herd studied has 10 Ibs. of colostrum available for the 
calf containing 100 B.v. per 10 g. (10 of the 14 animals gave colostrum richer 
than this) then the total amount of vitamin A in the colostrum available is 
approximately 45,000 B.u. In addition, if calving occurs during or soon after the 
close of the summer feeding period, there may be 45,000 y.v. of carotene in the 
colostrum available at birth. Thus the calf at birth is endowed with a large 
reserve of vitamin A and, according to season, possibly with carotene also: a 
reserve which it would require weeks to build up if colostrum were no richer in 
vitamin A than milk. 

The relative importance of colostrum in supplying vitamin A to the calf is 
well illustrated by figures for the cow Star 3rd. This cow gave colostrum con- 
taining 125 B.v. vitamin A per 10 g. and assuming the average quantity of 10 lbs. 
colostrum, the vitamin A store available for the calf would amount to 
000 B.u. Now this particular calf was killed by accident during birth, so that 
the carcase was available for examination. The liver weighed 800g. and 
contained 75 B.u. of vitamin A per 100 g., or a total store of 600 B.u. The calf 
was born with 600 B.v. and 55,000 B.v. of vitamin were immediately available for 
it: this perhaps may be taken as a measure of the relative importance of the 
placenta and colostrum in providing the young of this species with a reserve of 


of 
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vitamin A until more figures can be obtained. 

Further work on these lines is in progress. 

SUMMARY. 

1. A convenient method is described for extracting carotene and vitamin A 
from milk and colostrum samples. 

2. This has been applied to colostrum and milk from fourteen cows of a 
dairy shorthorn herd. 

3. The vitamin A concentration in colostrum may be from ten to one hundred 
times greater than in later milk from the same cow independently of season. 
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4. The carotene content of colostrum may be as much as 70 times greater 
than in later milk unless calving occurs during late winter feeding. 

5. The colostrum of heifers is generally richer in vitamin A than the 
colostrum of cows (on the average over twice as rich). 

6. The importance of colostrum as compared with the placenta and milk as 
a source of vitamin A for the young calf is demonstrated. On the first day of life 
the calf receives supplies of vitamin A greater than the later milk could give in 
20-50 days. 


‘ 


My warmest thanks are due to the Director of the Cambridge University 
Farm (Mr Mansfield) and his staff, without whose continued ungrudging assistance 
and interest this work could not have been contemplated. 
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Ir is already known that the suprarenal gland is an extremely potent source of 
vitamin C,” but hitherto the activity has been thought to be restricted to the 
cortex. In the present paper, however, it is shown that the medulla of the 
suprarenal is also intensely active, its potency falling but little short of that of 
the cortex. Our results indicate that ox suprarenal cortex has an activity of 
about 30 international units per gram and ox medulla of about 20 units, i.e. no 
less than two-thirds of the former. In other words the cortex has about thrice 
and the medulla about twice the potency of fresh orange juice or lemon juice (the 
international standard of vitamin C activity). 

Szent-Gy6érgyi [1928], struck by the peculiar silver-reducing power of the 
cortex, isolated from it the substance thought to be responsible—first called 
hexuronic acid, but later, after its identification with vitamin C, renamed 
ascorbic acid. The intense antiscorbutic activity of the suprarenal cortex was 
demonstrated in papers from this laboratory [Harris, Mills and Innes, 1932; 
Harris and Ray, 1932; 1933, 1] and the degree of activity was shown to be 
commensurate with its richness in hexuronic acid. A chemical method for 
estimating the latter, based on modifications in the use of Tillmans’s oxidation- 
reduction indicator 2: 6-dichlorophenolindophenol was worked out and applied 
to various animal and vegetable materials, and the surprising discovery was 
made that certain tissues, including the suprarenal medulla, not hitherto 
recognised as sources of vitamin C, also gave a high titration value [Harris and 
Ray, 1933, 1, 2; Birch, Harris and Ray, 1933; Birch and Dann, 1933; Harris, 
1933, 1]. This result at once suggested that the absence of the silver reagtion 
was in reality little guide as to the presence or absence of vitamin C, a conviction 
which was strengthened by our further observation that the medulla and cortex 
of different species, as well as a variety of other tissues (e.g. liver), might stain or 
not in the most erratic order with little apparent parallelism with their true 
antiscorbutic activities. Again liver extract and other tissue extracts although 
rich in vitamin C did not reduce silver. Similarly Gough and Zilva [1933] have 
recently noted that human suprarenals may fail to darken at all with silver 
(their vitamin C potency, however, not having been tested). The chemical test 
for vitamin C, although it is known to be reasonably specific, may give high 


results in certain exceptional cases, and it was therefore necessary to check the 


titration results on the suprarenal medulla against direct feeding tests. The 
biological determination gave results in complete agreement with the indophenol 
titration. We have recently repeated these feeding tests and exactly confirmed 


our earlier results. 
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EXPERIMENTAL. 


The technique, using the histological tooth structure method, was the same 
as that described in earlier papers [e.g. Harris and Ray, 1932]. 

In the first test a group of three guinea-pigs received daily 1 g. of freshly 
excised ox suprarenal medulla and control groups received 1, 2 and 3 cc. of 
orange juice. The second test was similar except that the last group was omitted. 
The results are shown in Table I, and are analysed in Fig. 1. 

Table I. Antiscorbutic activity of ox swprarenal medulla. 
Degree of protection 
Supplement Individual animals Mean 


First determination 


Suprarenal medulla, 1 g. y Ae es 2-3 
Negative control 0, 0-5, 1 0-5 
Orange juice, 1 cc. ES 2 &. 36 1-4 
2 ce. 3, 2-5, 2-5, 2 2-5 
3 ce. 35, 3:0, 1:5, 3-5 2-9 


Second determination 


eee 


Suprarenal medulla, 1 g. 15, 1-5, 2 1-7 
Negative control 0, 0, O 0 
Orange juice, | cc. 0-5, 1, 15 1 
2 ce. . &. 26 1-8 
4 c 
ir x 


Degrees of protection 
he 
ae 





+ 





x Suprarenal medulla, g. 
t f 

04 4 
0 1 2 3 


Orange juice, cc. 
Fig. 1. Comparison of protective power of suprarenal medulla and orange juice. 


x orange juice; medulla. 


Results. As is seen from Fig. 1, 1 g. of suprarenal cortex was found to have 
the same biological activity as 1-9 cc. of orange juice. This same figure was 
obtained in both series of tests. It agrees exactly also with that calculated from 
the chemical titration, according to which 1 cc. of orange juice was found to 
contain 0-6 mg. ascorbic acid, and 1 g. of medulla 1-1 mg. (see Table IJ). 

Lack of correlation with silver stain. It is seen that although the ox medulla 
does not stain with silver in Szent-Gyérgyi’s method, and the cortex does, 
nevertheless the medulla contains vitamin C in almost the same order of 
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Table II. Vitamin C content of ox suprarenal medulla: agreement between 
biological and chemical results. 


Amount of orange juice 
equivalent to | g. of 
medulla 
By biological test 1-9 ce. \ 
By chemical test 1-8 ce. i 


concentration as does the cortex. It is apparent at once, therefore, that the 
absence of a silver stain is no infallible indication that large amounts of vitamin C 
may not be present in a given tissue. Liver and certain other tissues appear in 
fact to contain a substance or system which protects silver nitrate from reduction 
by ascorbic acid. Thus we find that when ascorbic acid is mixed with the tissue 


extract it no longer reduces silver. 


PHYSIOLOGICAL CONSIDERATIONS. 


1. The suprarenal not a reserve store of vitamin C. At first sight the fact that 
the suprarenal contains a concentration of vitamin C so many times greater than 
that present in the body as a whole might be thought to indicate that it serves 
as a reserve or storehouse, in the same way that the liver is known to put away 
reserves of vitamin A for the future use of the body. This interpretation indeed 
seems to have been already adopted in some quarters. The following considera- 
tions, however, show that this conception cannot be accepted. In the first place, 
the total amount of ascorbic acid in the adrenals of the guinea-pig is no more 
than about 0-5 mg.; i.e. not sufficient to provide the vitamin C needs of the 
body for more than about 24 hours. This should be contrasted with vitamin A, 
of which enough can easily be held in the liver to provide an animal with its 
needs for a whole lifetime. Secondly, we find that the amount in the suprarenal 
does not appear to be raised significantly above normal limits after extra 
allowances of vitamin C have been given. This finding again is in sharp contrast 
with all experience with vitamin A, where the reserves, and hence the time of 
depletion, depend entirely on the pre-experimental diet. Thirdly, if the vitamin 
were held as a reserve we should expect it to disappear from the suprarenal 
during the early stages of a vitamin C-free regimen and no scorbutic symptoms 
to develop until such reserves had been drawn upon. This is what happens with 
vitamin A, no ill-effects beginning to appear until the very last traces of vitamin A 
have been used up from the liver. But with vitamin C on the contrary we find 
that the amount in the suprarenal diminishes gradually during the whole course 
of scurvy. At the tenth or twelfth day when teeth lesions are already far 
advanced there may still be considerable amounts of ascorbic acid in the 
suprarenal; and again, at death from scurvy it is not unusual to find small 
amounts of ascorbic acid still present in the organ. 

2. The suprarenal and the synthesis of vitamin C by certain species. In an 
earlier paper | Harris and Ray, 1933, 2] we mentioned that the suprarenal of the 
rat was considerably richer in vitamin C even than that of the ox or normal 
guinea-pig, judging from the titration result, the activity being ten times 
greater than that of orange juice, or 6 mg. of ascorbic acid per g. Biological 
tests (curative method) have confirmed this conclusion, both for normal rats’ 
suprarenals and for the suprarenals of rats which had been kept for long periods 
on a vitamin C-free diet (Fig. 2). 
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Since the rat is known to synthesise its own vitamin C (as the above test 
further demonstrates), and one of us has shown the same to be true also of the 
dog [Harris, 1931], it seemed a possibility that the suprarenal might be the site 





Body weight, g¢ 


3 


1 Oce. 


! : . \ 
Rat. Suprarenal | Rat. Suprarenal I} Standardised orange juice controls 
0-15 g. per day 0-15 g. per day 





Fig. 2. Curative tests on guinea-pigs, with rat suprarenals from rats (I) fed on vitamin C-free 
diet and (II) fed on the vitamin C-free diet plus cabbage. 


——_——_= experimental curative period; vitamin C-free diet; —- — — negative controls. 


of the synthesis in such species. In order to try and test this working hypothesis, 
a number of rats were submitted to adrenalectomy! and then placed on a 
vitamin C-deficient diet, consisting of 


Bran ees ao 80 parts by weight 
Oats ou aa 720 _ 
EKgg-yolk ... ss 40 

Salts ae ees 8-4 2 
Cod-liver oil be 1% 


(Provision of eucortone or adrenaline appears to be unnecessary for this species.) 
If the suprarenal were in fact concerned in the synthesis of vitamin C in the rat, 
we had hoped that symptoms of vitamin C deficiency might appear. However, 
the rats seemed to thrive normally after the operation and on the vitamin C-free 
diet. Unfortunately this finding can only be regarded as a negative result and 
cannot be taken as final and conclusive evidence of lack of suprarenal synthesis; 
since two objections might legitimately be raised—first, that small amounts of 
accessory tissue had escaped removal; and, secondly, that there had occurred 
some regeneration of new tissue after the operation. We did in fact observe in 
tree out of four animals killed after four weeks what appeared to be rudiments 
of such new tissue. Taking all considerations into mind, however, the weight of 
evidence seems to be definitely opposed to the theory that the synthesis of 
vitamin C, which is known to occur in species like the dog or rat, has its seat in 
the suprarenal. 

If, as appears likely, the physiological properties of ascorbic acid depend 
essentially on its specialised reducing properties, it may be supposed that the 
large amounts in the suprarenal cortex are involved in a system needed to 
maintain adrenaline-like substances in a reduced condition. Work in another 
connection [Harris and Fish, 1928-29; Harris, 1933, 2] has shown that in certain 
other sites vitamin C seems to be needed primarily for maintaining the functional 


1 We are indebted to Prof. J. H. Burn for kindly demonstrating the technique. 
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activity of certain types of cells and preventing their premature degeneration, 
e.g. osteoblasts, odontoblasts, ameloblasts, cementoblasts (so that vitamin C in 
this respect may be contrasted with vitamin D which does not act directly on 
cell structure in the bone and teeth but through phosphate and calcium meta- 
bolism). In tissues such as the tooth pulp and growing bone, however, in 
contrast with the suprarenal (and certain other organs) in which vitamin C 
appears to play an equally important réle, it may be noted that there is no 
appreciable increased local concentration of vitamin C. 


SUMMARY. 


1. The medulla as well as the cortex of the suprarenal is intensely rich in 
vitamin C. 

2. The cortex (in the ox) is about thrice and the medulla about twice as 
potent as orange juice (or standard lemon juice), weight for weight. 

3. The biological results agree precisely with the chemical titration, showing 
that ox suprarenal medulla contains about 1-1 to 1-2 mg. of ascorbic acid per g. 

4. A negative silver stain is no certain guide as to the presence or absence 
of vitamin C. 

5. The significance of the localised concentration of vitamin C in the 
suprarenals is discussed. It is shown that it cannot be regarded as a reserve store 
for the body, comparable for example with the vitamin A resources of the liver. 
It _s thought more probable that it is needed for protecting the normal functional 
activities of the organ. To test the theory that the suprarenal is engaged in syn- 
thesising the vitamin in such species as are known to make their own (such as 
dogs and rats), adrenalectomised rats were fed on vitamin C-free diet for periods 
of several weeks to see whether scurvy developed, but with negative results. 

6. Rat suprarenal has the extremely high activity of about three times that 
of the ox or normal guinea-pig, or ten times that of orange juice, as determined 
biologically and by titration (6 mg. ascorbic acid per g.). 
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Previous papers from this laboratory have dealt with the application of the 
titration method with 2: 6-dichlorophenolindophenol to the estimation of 
vitamin C in various animal materials [Harris and Ray, 1933, 1, 2; Birch e¢ al., 
1933; Birch and Dann, 1933; Harris, 1933]. Results on human urines are dis- 
cussed in the present communication. A principal purpose we had in mind in 
undertaking this enquiry was to discover whether any relation could be found 
between urinary loss and the state of nutrition of the individual in respect to 
vitamin C sufficiency or subnormality. Any such index would obviously be of 
great value for practical human dietetics. 

Previous biological work has failed to demonstrate the presence of vitamin C 
in urine [van der Walle, 1922], but a note just published by Eekelen e¢ al. [1933] 
mentions, without giving actual data, that the reducing substance in urine is 
higher in persons using much fruit. 


METHOD. 


The micro-method of Birch et al. [1933] was used throughout. The urine to be 
examined was made acid with trichloroacetic acid (final concentration of latter, 
5%) and titrated from a micro-burette reading to 0-01 cc. against 0-05 cc. of 
the indicator, which had been previously standardised against ascorbic acid. 
Titrations were carried out immediately after, or within a few minutes of, urina- 
tion, as we found that the titre tended to fall in urine which had been allowed to 
stand for long. It is essential to carry out ‘the titration rapidly and reach the 
end-point within about 1 min., otherwise erroneously high values will be caused 
by phenolic or similar substances in the urine reducing the indicator slowly. 
Urines are sometimes encountered which are too dilute to give a satisfactory 
end-point. If a reading is required for such an individual it is necessary to 
restrict his fluid intake. 

The results to be described make it clear that the titration figure bears a 
genuine relation to vitamin C metabolism, but in expressing our results for 
convenience in terms of so many mg. of ascorbic acid we wish to make it clear 
that it is without prejudice to the question of the invariable specificity or other- 
wise of the reaction. 

EXPERIMENTAL. 

Excretion after large dose. Our most detailed observations were undertaken 
with the object of obtaining a quantitative picture of the course of excretion of 
the vitamin after the administration of a single large dose. These results will be 
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described first. In the experiment represented in Fig. 1, A. W. drank 600 cc. of 
orange juice at 9 a.m., restricted himself for several days thereafter to a vitamin 
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Fig. 1. ‘Sudden rise in concentration of vitamin C in urine following large dose of orange 
juice (given at arrow). 
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Fig. 2. Complete 14-day (half scale) record of vitamin C concentration in urine. Sudden rise in 


concentration after large dose of orange juice (given at arrow), followed by fall to within 
diuresis after beer drinking. 













normal limits within 48 hours. 








C-free diet, and estimated the vitamin C content of his urine at, frequent intervals. 
The results show that the vitamin C excretion had already begun to rise markedly 
after 1 hour, had reached a maximum in about 3 hours, and fallen to the original 
level again by the end of the third day. At the third hour, at the peak of the 
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curve, the concentration of vitamin C in the urine was no less than seven times 
greater than the normal figure. In nine hours, 76 mg. out of the original 300 mg. 
taken (the latter value being based on the titration figure) had been voided, and 
in the course of 3 days about 250 mg. 

A second experiment was conducted along similar lines (Figs. 2 and 3), and 
the same typical sudden rise followed by rapid fall to a level value was again 
seen. In this experiment 556 mg. of ascorbic acid were taken in one dose 


» 





Urinary vol 





30 


acid, mg. per day 


Ascorbic 


1 day 


Vitamin C-free diet Normal diet 





600 ce. . 
orange 
juice 


Fig. 3. Total daily outputs of vitamin C in urine, showing increase after large dose, and, later, 
steady output of about 33 mg. per day. 


(600 cc. vrange juice) and observations were continued for over a fortnight 
afterwards. It will be noted that the maximum rate of excretion was reached 
in 3 hours, that after 24 hours the excretion was only little above normal, and 
that it had quite dropped back to normal after 50 hours. (At the peak the urine 
contained as much as eight or ten times the normal concentration of vitamin C 
and the total weight of ascorbic acid excreted in the first 10 hours was 132-4 
mg. compared with a normal of about 20 mg. for a corresponding day-time 
period.) For a further 6} days the vitamin C-free regimen (eggs, cheese, butter, 
bread, various cereals) was continued, and it was found that the amount of 
vitamin C excreted continued to remain extremely constant, between limits of 
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32-5 and 35-3 mg. per day (average 33-6), and with an average concentration of 
about 0-03 mg. per cc., a level we find to be characteristic of most of the normal 
specimens we have examined. 

No departure from this steady state occurred when the subject recommenced 
a normal diet, 10th to 15th day of experiment. 

Normal urines. Tests on urines from normal individuals on ordinary mixed 
diets’ are recorded in Table I. All are males. The first four are laboratory 


Table I. Urinary excretion of vitamin C by men on normal diets. 


Total volume Weight of | Concentration of 
of urine vitamin C in vitamin C in 
passed total specimen urine mg. 

Subject Time ec. mg. per cc. 
G. G. G. 10.30 a.m. 165 8-35 0-050 
2.45 p.m. 30 6-96 0-053 
9 a.m. 610 12-85 0-021 
0-032 
12 noon 0-019 
l p-m. 0-019 
4.30 p.m. 25: 26 0-028 
9 a.m. 36 0-028 
] p.m. 0-020 


0-024 


0-045 
0-044 
0-016 
0-042 
0-021 


0-028 


.oU a.m. 
p-m. 
.30 p.m. 
.oU p.m. 
a.m. 


10.50 a.m. 
I p.m. 
2.45 p.m. 
4 p-m. 


5 p-m. 
9 a.m. 740 
l p-m. 500 


* Diuretic specimen. 


assistants. It will be seen that the figure is generally very close to 0-03 mg. per 
cc. of urine, and the daily output does not vary far from about 30 mg. (see 
Table IT). An example is included of one subject (S. A. C.) who had diuretic 
tendencies, and the concentration was insufficient to permit a clear end-point 
being reached in the titration. 


Table II. Average concentration and daily output of vitamin C in urine in 


normal mal s. 


mg. of vitamin ¢ Approximate total output 
per cc. of urine (calculated) (mg.) 
0-028 38-1 in 24 hours 
0-032 28-2 
0-01 ‘ 
0-024 ca. 10-0 in 10-12 hours 
0-0277 - 
0-0227 
00-0177 
0-O167 


Diuretic specimen. {+ Based on single titrations only. 
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Results quoted in the last section show also that the urine which has 
collected in the bladder during the night and is excreted first thing in the morning 
often tends to become rather more concentrated as regards the vitamin. 

Since the daily output of vitamin C in the urine seems to be at so constant a 
level in many individuals it is of interest to c ompare it with the reputed minimum 
daily need. This is stated to be “1 oz. of orange or lemon juice per day” (7.e. 
about 20 mg. of ascorbic acid). It would appear therefore that the average 
individual excretes daily in his urine an amount of vitamin C of a similar order 
to, but definitely somewhat greater than, the bare amount needed to prevent 
scurvy. It may be expected from this that whenever the vitamin C intake falls 
below a safe margin an effect should be readily apparent on the urine. We hope 
to present data of urinary excretion in Barlow’s disease and the response after 
vitamin C as compared with normals in illustration of this. The most accurate 
general procedure would appear to be to determine the total daily output after 
48 hours on a vitamin C-free regimen. This rules out irregularities due to abrupt 
changes in urinary volume and to the more immediate effects which follow 
directly on the administration of a single dose of the vitamin; if necessary also 
the fluid intake may be restricted in order to give a urine concentrated enough 
to ensure a sharp end-point in the titration. 


SUMMARY. 


1. The vitamin C content of human urines has been determined by the 
titration method. 

2. In a number of normal individuals the amount of vitamin C excreted in 
the urine was surprisingly constant, generally in the neighbourhood of 30 or 
33 mg. per day, or roughly 0-02-0-03 mg. per cc. of urine (this concentration 
being naturally lowered in diuresis, and being sometimes rather higher in the 
more concentrated early morning urine). 

3. If a normal individual is given a single very large dose of vitamin C 
(e.g. 600 cc. of orange juice, 30 times the reputed daily requirement), the con- 
centration of vitamin C in the urine sharply rises, reaching in about 3 hours a 
maximum as high as, e.g., 8 or 10 times the “normal”; it then rapidly drops 
again and within a day or so reaches the “normal” resting level of about 33 mg. 
excreted per day where it remains remarkably steady although the subject may 
be restricted, e.g. for a week or more, to a vitamin C-free diet. 

4. This “normal” daily loss of about 33 mg. is somewhat greater than the re- 
puted minimum daily requirement for man (v iz. ‘1 oz. of orange or lemon juice’’). 

5. The technique described has possible applications for dietetics, for the 
diagnosis of hypovitaminosis-C in human beings. 
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THE results to be described in the present paper confirm conclusions given in an 
earlier note [Harris and Ray, 1933]. We reported there that ascorbic acid— 
specimens derived from two different raw materials were examined—had an 
activity such that 2 mg. were equivalent to 3 cc. of orange juice. This would 
appear to indicate an activity of 15 International Units per mg., since orange 
juice is generally assumed to have an activity about equal to that of lemon juice, 
and the ascorbic acid contents as estimated by titration are similar. To confirm 
the original finding, and obtain a value of as highly precise a nature as possible a 
rather more elaborate test was then carried through and concluded in May 1933, 
and the same result was again obtained. A note by Key and Morgan [1933] 
which has just appeared gives a somewhat lower value than ours—viz. 7-4 
instead of 15. Our results, although they are based on the use of orange juice as 
a secondary standard and not on a direct comparison with lemon juice as 
primary standard (which, however, may vary considerably in potency, as shown 
below), have the advantage of being founded on more extensive statistical data 
and involve also a more direct comparison with standard material fed simultane- 
ously at the identical levels of potency, and we think it may be of interest to 
publish the details. 
EXPERIMENTAL. 


The ascorbic acid was a very pure specimen from paprika, several times 
recrystallised and giving an iodine titration of over 99 % of the theoretical. The 
tooth structure method [Héjer, 1924; 1926; Key and Elphick, 1931] was used, 
the general procedure being the same as previously indicated [Harris and Ray, 
1932]. Ascorbic acid was fed to groups of guinea-pigs at three different levels 
1-5 mg., 2-0 mg. and 2-5 mg. per day. (The doses were weighed out daily and 
dissolved in air-free water immediately before administration, the dilution being 
such that 1 mg. of ascorbic acid was present in 2 cc. of water. The main specimen 
was kept in an atmosphere of CO, and stored dry at 0°.) Simultaneously three 
different levels of orange juice were fed to controls, at what were adjudged, on 
the basis of the earlier tests, to be corresponding levels of activity, viz. 2-25 cc., 
3 ce. and 3-75 cc. Six animals were included in each group. These particular 
levels of activity were chosen as giving a fairly full degree of protection, a con- 
dition which we find to give more consistently reproducible and sensitive results 
than at lower partial levels of protection. The animals were killed after 15 days 
and cross-sections of the incisors prepared in the usual way and assessed for 


degree of protection. 
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Our use of orange juice as a secondary or derived standard in place of lemon 
juice used direct as primary standard may be criticised, but we believe it to have 
some advantages. Previous papers both from the Pharmaceutical Laboratory 
and this laboratory have recorded that more constant and easily reproducible 
results were obtained with orange juice than with lemon juice, apart of course 
from the additional consideration that the animals take it better, and there is no 
need to introduce a decitration process when feeding the larger doses which are 
needed at top levels in the tooth protection method. Confirmation has recently 
been forthcoming in the report of Bennett and Tarbert [1933] that lemon juice 
may indeed vary most erratically in potency, the vitamin C content as measured 
by titration in poorer specimens being little more than about half that of a 
“good” specimen, whereas orange juice tended to be more constant with a 
value about equal to or very slightly above that of a “‘good” lemon juice. It is 
obvious therefore that the result obtained in any vitamin C determination will 
depend on the interpretation attached to the standard “lemon juice,’ whether 
this is taken to imply lemon juice of a “‘ good” quality, of “‘low,”’ or of ‘‘ average” 
quality (if such can be defined). Key and Morgan have also referred to the 
apparent variation in potency of lemon juice. 


RESULTS. 

The values found are given in Fig. 1 and for the third determination in 
Table I. When these are plotted it is seen that the readings for orange juice and 
ascorbic acid are equated when the scales for orange juice and ascorbic acid 
respectively are fixed at 3 cc. of the former against 2 mg. of the latter. This 
conforms with the earlier findings. It coincides, also, with the amount of 


Scale for orange juice, ce. 
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Seale for ascorbic acid, mg. 
Fig. 1. 
© ascorbic acid; x orange juice. 
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Table I. 







Degree of protection afforded 









{mount of material fed per day Individual animals 
Ascorbic acid, 1-5 mg. 2-5, 2 2 3 2-5 
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Orange juice, 2-25 ce. . ar . 2 3 2-5 2-7 
3 cc. as & €, 3 3°53 } 3-5 
3°75 cc. = >» ~& 5, 3-5 iS 


ascorbic acid in an average specimen of orange juice as found by titration in our 






experience (viz. 0-6 to 0-7 mg. per cc.). It represents a value of about double 





Key and Morgan’s. 









COMMENTS. 





In Key and Morgan’s determination, one level only of the lemon juice standard 
was fed in each experiment and that was administered at levels widely 
divergent from those of the “‘unknown” (especially in Exps. 1 and 2). In order 
to bridge the gap recourse was had to a standard reference curve relating degree 
of protection in any experiment to the relative amount of vitamin which is 
needed to produce it. Although we feel that it is in fact a safer procedure to 
obtain several points on the curve for each determination, and to have one 










point, at least, for the unknown always lying between two reasonably adjacent 






values for the standard (or vice versa), it nevertheless seems likely that the 
difference between our result and that of Key and Morgan is mainly attributable 
to another cause—viz. the relatively high rating given by them to their single 
lemon juice standards. There is quite good agreement between Key and Morgan’s 








values and our own as to the actual degrees of protection afforded by the 






varving doses of ascorbic acid. Their results agree with ours in showing that 





mg. are about the minimum dose for giving approximately full tooth protection 





in a 15-day test. Turning now, however, to Key and Morgan’s readings for 






lemon juice, it would appear that the potency was assessed at double the value 






that might have been anticipated. Thus, 1-25 ec. of lemon juice gave the same 








protection as 2-30 cc. ef the orange juice of the standard reference curve, and 
| 0 ec. of lemon juice as 2-21 ce. of orange juice; and their combined results 
Fig. 2, Key and Morgan, 1933] would imply that full protection would be given 
by as little as 1-48 cc. of lemon juice. This may be compared with the more 






usually accepted finding that about 3-0 cc. (¢.e. double the amount) of orange or 


lemon juice are in fact normally needed to give full protection. One explanation 






of the apparent divergence between their results and ours, then, would be that 


they wet dealing with a lemon juice ol exceptionally high potency, or alter- 







natively that our orange juice was relatively low; or both. This is not necessarily 







the correct explanation however; indeed orange juice tends on the whole to be 






somewhat more potent and not less potent than lemon juice. It could be equally 
well argued that the great variation between the individual animals in Key and 






Morgan’s small number of lemon juice groups could have given rise to an 
illusively high average. Thus with 1-25 cc. of lemon juice the individual scores 
ranged from 1-5 to 4-0 and the average was put as 3-2; with 1-0 cc. of lemon juice 
they ranged from 0-5 to 4-0, with average at 3-1. If there had been a variation 
in 1 or 2 animals, within the actual range found in the group as a whole, it could 
easily have reduced the average score to the anticipated value. (In the case of 















Table II. Ascorbic acid content of lemon. 


I. Lemon juice 





ANTISCORBUTIC POTENCY OF ASCORBIC ACID 2019 


juice and orange juice. 


Ascorbic acid 
content as 
determined by 
titration 








Day Specimen number and description mg. per cc. 
Ist 1 (small) 0-515 
2 (large) 0-407 
3 (small) 0-583 
4 (very large) 0-183 
5 (medium large) 0-380 
6 (large) 0-44 
7 (large) 0-4] 
5 * 0-475 
9 0-506 
Ist day, average of 9 specimens 0-43 
2nd 10 0-556 
11 (small and withered) 0-684 
12 (large and fresh) 0-354 
13 (small and withered) 0-661 
14 (very small and withered) 0-694 
2nd day, average of 5 specimens 0-59 
3rd Bs) 
16 
17 
Is 
19 
20 
3rd day, average of 6 specimens 
Three days, average of 20 specimens 0-47 
ith A composite specimen = mixed 0-47 
juice of 10 lemons 
Il. Orange juices 
paten 
I | (South African) 0-570 
Z “ 0-570 
3 (Brazilian) 0-480 
4 0-620 
2 5 (South African) : 0-806 
6 = 0-909 
3 7 0-628 
5 - 0-833 
9 (Brazilian) 0-757 
10 0-585 
} ll 0-586 
12 0-510 
? 13 0-533 
14 0-476 
Average of 14 0-63 


Table III. Ascorbic acid content of orange juice. 


As determined by titration ; 
As calculated from biological assay 





0-63 mg. per cc. 
0-66 pa 


Corresponding 
calculated 
activity of 
ascorbic ac id 

units per mg. 

19-4 
24-6 
17-2 
2 
26-3 


99. 


24-4 
21-1 
8 


~s 
vo 
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the first experiment, with 0-75 cc. of lemon juice ¢ and 0-3 mg. of ascorbic acid, 
there is difficulty in extracting a relationship, since the degree of protection was 
only very partial i in both cases and the lemon juice was being fed at over 3 times 
the level of potency of the ascorbic acid, making comparison very insecure’.) 

In conclusion we would allude again to the fact that our value coincides with 
the actual ascorbic acid content of average orange juice or good lemon juice, as 
determined by chemical titration. The same correlation holds equally for a 
number of other sources [Harris and Ray, 1933]. This seems a strong argument 
in its favour. Key and Morgan’s value of 7-4 units per mg. would indicate an 
ascorbic acid content of 1-35 mg. per cc. for lemon juice, a value-which would 
appear difficult to reconcile with the fact that in our experience the reducing 
titre rarely rises above a value equivalent to about 0-7 mg. 

Titration results on a series of lemons and oranges purchased locally from 
retailers in October are given in Table II. The average ascorbic acid content of 
the lemon juice (based on determinations on 20 separate lemons, and on the 
mixed juice of a further 10) was appreciably lower than that of the oranges 
examined at the same time (viz. 0-47 mg. per cc. for lemon juice, as against 
0-63 for orange). It must be noted, however, that individual lemons show 
striking fluctuations in potency, the mean deviation from the average value of 
0-47 mg. per cc. being as great as +0-11. (It was observed that higher values 
were generally given by lemons which were small and shrunken in appearance, 
and lower values by large “‘juicy” ones—as though the juice became more 
concentrated by evaporation during the storage process.) The figure for the 
orange juice is in agreement with our biological determination of the relative 
activities of ascorbic acid and orange juice (Table III) although we have found 
that different varieties of orange juice may also vary considerably in potency. 
If lemon juice of the “average” quality represented by these specimens is taken 
as standard, the calculated antiscorbutic activity of ascorbic acid works out at 
the somewhat higher value of 21 units per mg., as against the value 15 units 
per mg. compared with a “‘good” lemon juice equal in potency to that of the 
orange juice used in our tests. 

Since “lemon juice” without further specification has already been fixed as 
International Standard, and in our opinion the antiscorbutic activity of lemon 
is equivalent to its ascorbic acid content as estimated by titration, the final ste Pp 
in transferring the standard from lemon juice to ascorbic acid will have to involve 
a decision as to the exact quality of lemon juice which may be held to represent a 
fair and normal specimen. 


SUMMARY. 


1. Assays by the tooth protection method, using large numbers of guinea- 
pigs, and with ascorbic acid and orange juice always fed simultaneously at 
various identical levels of potency, show consistently that the activity is such 
that 2 mg. of ascorbic acid are equivalent to 3 cc. of orange juice, or the minimum 
dose for full tooth protection (under the conditions of the test) is 2 mg. 


In our experience more precise results are obtained by comparing the minimum doses needed 
to produce complete protection in a given large proportion of animals, rather than by comparing 
the doses needed t« pro luce a partial (and gener: ally rather variable) degree of protection. Another 
source of error is that a slight change in the level at which the cross-section of the tooth is cui 
great.y affects the picture. The guinea-pig’s tooth is of persistent growth and the upper part 
away from the root) is that formed before the experimental period, so that if the section be cut 
high enough it will appear quite normal. More accurate conclusions are formed from longitudinal 


sections. 
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2. This value agrees with the amount of ascorbic acid actually present in 
average specimens of orange juice or in ‘“‘good” lemon juice, as determined by 
titration (0-6-0-7 mg. per cc.). 

3. Lemon juice is subject to some variation in potency, so that the evalua- 
tion of ascorbic acid in terms of International Units will depend on the quality 
of the lemon juice used for comparison, but taking the interpretation that the 
standard lemon juice means a “‘good” specimen, equivalent to the orange juice 
used in our test and showing 0-6 to 0-7 mg. of ascorbic acid per cc. on titration, 
ascorbic acid has a potency of 15 International Units per mg. Against ““average”’ 
lémon juice as purchased retail in Cambridge, having an ascorbic acid content 
of 0-47 mg. per cc., the calculated activity for ascorbic acid works out rather 
higher, viz. 21 International Units per mg. 

4. The alternative value 7-4 units per mg. put forward by Key and Morgan 
would indicate an ascorbic acid content of 1-35 mg. per cc. for lemon juice, which 
seems difficult to reconcile with the fact that the reducing titre rarely rises above 
a value equivalent to about 0-7 mg. Possible reasons for the lack of agreement 
are discussed. 

5. Our earlier conclusion is confirmed, that lemon juice is an unsatisfactory 
standard and should be replaced by ascorbic acid. Different specimens of lemon 
juice had ascorbic acid contents varying from 0-19 to 0-69 mg. per cc., average 
0-47 with an average deviation of +0-11. 
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II. RANA TEMPORARIA AS TEST ANIMAL. 


It is now generally believed that the nature and extent of the periodic changes 
occurring in the ovary are controlled by the anterior lobe of the pituitary. The 
study of this relationship has been seriously handicapped, however, because the 
gonad-stimulating properties of extracts and other preparations can only be 
adequately studied in the hypophysectomised animal. Since it is practically 
impossible to remove the anterior lobe of the mammal alone or even carry out 
total hypophysectomy with ease, progress is beset by serious obstacles. In a 


previous paper [Bellerby, 1933] it was pointed out that this difficulty can be 
overcome by making use of certain amphibia, and attention was drawn to the 
suitability of the African Clawed Toad (Xenopus laevis) for use in the study 
of the ovary-pituitary relationship particularly when used for the assay of a 
gonad-stimulating substance. Before the practical possibilities of Xenopus were 
ascertained experiments were carried out to determine the suitability of the 


common English frog (Rana temporaria) for the same purpose. 

As regards the removal of the pituitary Rana possesses the same main 

advantages as X. laevis [Hogben, 1923]. 

(a) It can be easily and rapidly hypophysectomised without injury. 

(b) One or both lobes of the pituitary can be removed with precision. 

(c) Completeness of removal can be checked by the characteristic colour 
response of the animal. 

The present investigation shows that Rana is much less satisfactory than 
Xenopus for use in the study of the gonad-stimulating properties of extracts. It 
can nevertheless be used with advantage to confirm conclusions derived from 
experiments on Xenopus and will be made use of in the present studies for that 
purpose. 

EXPERIMENTAL. 

After the female has spawned in the spring the resultant atrophic ovary 
undergoes rapid development throughout the year until it is practically fully 
developed again by the autumn. A period of slow growth then occurs until the 
following March or April. The ovary has finally increased about ten times in 
weight and consists almost exclusively of black ova. 
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(ovulation sensu stricto). 


ovary yellowish in colour and a mere 
finally expelled from the oviducts through the cloaca (oviposition) as a result of 
some stimulus the nature of which is at present unknown. 
place in three distinct stages, and some time may elapse between ovulation and 


oviposition. 


In the present series of investigations suspensions of anterior lobe tissue were 
employed. The sole reason for this is that experiments were carried out before 
It was not until some progress had been 
made with the latter that it was found that extracts yielded consistent results. 
The glands were dissected out within 


the work on Xenopus was undertaken. 


Suspensions were prepared as follows. 
4 hours of the death of the animal and were ground to a fine paste with sand. The 
mass was agitated with twice its weight of normal saline for 
The fine suspension was then decanted off the sand and 
All injections were made into the 


and centrifuged. 
residual tissue and injected without delay. 
dorsal lymph sac. 

The great advantage of X. laevis as a test animal is that eggs are ejected 
externally within 24 hours as a result of a single injection of an active preparation. 
This dispenses with the necessity of killing the animal. 
made to procure a similar reaction in Rana. 


carried out. 


In the first, frogs were injected with a volume of suspension equivalent to 
of original tissue and were killed 3 days later. 
cases, one frog ejecting three ova on the 2nd day, 
3rd day. The result therefore was quite abnormal because in the normal frog 


2¢ 


several hundreds of ova are shed at one time. 


In Table I are given details of the post mortem results. 
surprising to find that although definite oviposition had not occurred marked 


Body weight 
51-50 
50-25 
16-52* 
44-75 
42-62 
11-00* 
10-05 
39-82* 

39 61 

39°: 
38°: 
34° 


Yo Oo KD 


‘ 


changes had taken place in the injected animals. 
changes found during the immediate pre-spawning period; that is to say the ova 
had been released from the ovary and had passed into the oviducts, whilst in the 
controls the ovaries remained intact and the oviducts empty. 





Injected 


Weight of 
ovary 


0-850 
0-605 
0-425 
0-415 
0-495 
0-552 
0-650 


Table I. 


Weights in g. 


Weight of 


oviducts Body weight 


27-75 
24-25 
14-02 
14- pd 





l 
l 
l 
I. 
14-02 


15-05 
9-61 


* Oviposition occurres 





] 





At spawning time the ova are first liberated en masse into the body cavity 
Then as a result of muscular movements of unknown 
origin they enter the oviducts which become enormously distended, leaving the 
vestige of its former size. 


An attempt was therefore 
Two series of experiments were 


Oviposition only occurred in 
the other two ova on the 


Controls 


Weight of Weight of 





ovary oviducts 
7-02 8-50 
3°56 2-00 
5:55 7°75 
3°57 8-0] 
3°74 7-15 
5:25 3°75 
3°32 ) 
4-52 7°25 
3°25 5-48 
3:09 6-32 
2°57 5-50 
3°74 3°85 


All exhibited the typical 


The ova are 


The process takes 


about 10 minutes 


It was somewhat 
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The second series of frogs was injected with a volume of extract equivalent 
to 1 g. of fresh tissue, the animals being killed 7 days later. The results confirmed 
those of the first series. Out of 16 frogs, only 3 shed their eggs into the water, 
the total number not exceeding half a dozen. On post mortem, it was found that 
ovulation had occurred, however, in 12 animals. 

Further experiments, though useless from the practical point of view, were 
carried out to see whether typical oviposition could be brought about by 
(a) further injections of anterior lobe substance, (b) subsequent injection of the 
oxytocic principle of the posterior lobe of the pituitary, (c) by placing injected 
animals in contact with males. All these were without result. It thus became 
clear that normal oviposition in Rana could not be taken to indicate activity of a 
preparation. It would be necessary to kill animals to confirm the result of an 
experiment. As the macroscopic appearance alone of the ovaries and oviducts in 
injected animals was sufficiently definite to indicate a positive result experiments 
were carried out to determine the earliest time that a reaction could be obtained. 
In Table IT are shown the results of an experiment embracing 4 series of 8 frogs 
killed at different times after injection. 


Table II. 


Time killed 


after No. of 
injection frogs 
Series hours ovulating Remarks 
A 24 0 — 
B 36 3 A few ova in body cavity. Ovary full 
( {8 7 Body cavity full of ova. Ovary vestigial 
D 72 7 Oviducts full. Several ova in body cavity. Ovary vestigial 


The results show that a well-defined positive result can be obtained within 
72 hours. If, however, this is taken to be liberation of ova from the ovary into 
the body cavity and not into the oviducts the reaction time can be reduced to 
48 hours. 

Several estimations of the gonad-stimulating power of anterior lobe prepara- 
tions were carried out using this reaction. 

Ovulation could be produced in 50 % of animals with a volume of suspension 
corresponding to as little as 0-25 g. of original tissue. It was also found that 
injection of acid extracts of the gland prepared by the writer’s method [Bellerby, 
1929] was effective. 


The above experiments were carried out in the months of January and 
February. Subsequent investigation demonstrated a further disadvantage of 
Rana. The animal cannot be used in March or early April as it normally spawns 
during that time and ovulation can only be induced with a single injection from 
about the end of August to February. Experiments showed that during the rest 
of the year it was necessary to administer a series of injections to produce ovula- 
tion, the number of which varied according to the time of the year. As this phase 
of the work has been thoroughly investigated by Spaul [private communication] 
no further details are given here. 

Apart from the indication of the drawbacks of Rana as an experimental 
animal two main points have emerged from the present enquiry. Firstly the 
results suggest that the process of ovulation and oviposition in Rana is more 
complicated than in Xenopus. It appears that some factor other than secretion 
of the anterior lobe of the pituitary is involved. In Xenopus the whole process of 
ovulation and oviposition can be attributed to anterior lobe activity. Secondly, 


Rana has one definite advantage over Xenopus. Because the ovary remains 
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undeveloped for several months it can be used to determine the effect of an ex- 
tract in producing development of ova as distinct from one which induces their 
liberation from the fully developed ovary during that time. In Xenopus the 
ovary remains fully mature throughout the year when the toad is kept under 
optimum conditions. It cannot be used in consequence to demonstrate the 
former effect. 
SUMMARY. 

1. Ovulation without oviposition can be induced by injection of saline 
suspensions of anterior lobe pituitary tissue in the common frog Rana temporaria. 

2. Oviposition only occurs in few injected animals and is never complete as 
in the normal animal. 

3. Ovulation induced by single injections cannot be obtained during the 
whole year. 


III. THE ACTION OF ANTERIOR LOBE PITUITARY 
EXTRACTS ON THE OVARY. 


In a previous paper [Bellerby, 1933] and the foregoing part of the present 
paper it was shown that Xenopus laevis and Rana temporaria have certain ad- 
vantages in work directed to extend knowledge of the chemical co-ordination 
between the ovary and the anterior lobe of the pituitary. In this paper are 
given details of the first of a series of observations made on the number and 
nature of the endocrine factors which are definitely concerned in the control of 
the ovarian cycle using X. laevis as the experimental animal. Before proceeding 
to the main issue discussed, it is necessary to refer to a matter which was not 
dealt with in the first paper of this series, namely the relation of external tem- 
perature to the ovulation process induced in Xenopus by extracts. Formerly, 
all experiments had been carried out at room temperature, but it transpired 
later that the temperature could be raised with advantage to the experimental 
procedure. 

velation of ovulation to external temperature. 

Temperature variation might influence ovulation in two ways. 

(a) It might increase or decrease the time elapsing between injection and 
ovulation. 

(6) It might render the animal more or less sensitive to the effect of the 
extract so that different amounts would be required to produce the same effect. 

Table I gives the results of a series of seven experiments regarding this point. 
Groups of 20 toads were divided into two batches of 10 each which were kept at 
different temperatures. They were injected with less than the quantity of acid 
extract required to produce ovulation in 100 % of the animals and received a 
threshold amount which under ordinary conditions would produce a positive 
response in about 60 % of animals. Toads were allowed to remain at their 
respective temperatures for four or five days before injection. As laboratory 
facilities did not permit of each batch being kept at a stipulated temperature, the 
difference for the two series was obtained by keeping one batch in a cold under- 
ground room and the other in a room heated with an electric fire. Both series 
were kept on a white background and under similar conditions of illumination. 

It is clear that temperature has a marked influence in reducing the time 
taken for ovulation. In some hundreds of experiments which have been carried 
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Table I. 


Temperature Number of toads ovulating 


Temperature difference - - 

C. C. 0-10 hrs. 10-24 hrs. 24-36hrs. 36-48 hrs. Total 
31-5 15-5 7 l 0 0 5 
16-0 0 4 3 0 7 
27-0 11-0 6 0 0 0 6 
16-0 0 0 5 3 8 
24-0 10-0 4 0 0 0 
14-0 0 l 5 0 6 
26-5 12-3 7 0 0 0 7 
14-2 0 3 3 0 6 
25-2 10-7 3 4 0 0 7 
14-5 0 4 4 0 8 
26-2 7:7 4 2 0 0 6 
18-5 0 a 0 0 7 
23-5 7-0 5 2 0 0 7 
16-5 0 2 2 0 4 


out at room temperature (14-18°), ovulation under 12 hours only occurred once, 
the average time of occurrence being 18 hours. 

In the animals kept at the high temperature (23-31°) ovulation took place 
in the majority of cases within 10 hours and in no case was it delayed beyond 
48 hours. The average time was reduced to about 9 hours, all ova in some cases 
being shed within 7 hours of injection. 

The results are summarised in Table II. It will be noted that a high tempera- 
ture has no recognisable effect on the sensitivity of the response, practically the 
same number of toads ovulating at both temperatures. Temperature can 
therefore be disregarded in determining activity of extracts. At the same time 
the fact that a high temperature quickens the reaction increases the usefulness of 
Xenopus for purposes of assay. 


Table IT. 


No. of No. ovulating 
Temperature toads - 
Cc, injected 0-10 hrs. 10-24 hrs. 24-36hrs. 36-48 hrs Total 
23-5-31-5 70 36 9 0 0 15 
14-0-18-4 70 0 21 22 3 46 


Relation of percentage response to amount of active substance injected. 


A previous enquiry showed how it was possible to ensure a 100 °% response 
vith a sufficient dosage. In perfecting any method of assay based on the 
principle of the minimum dose, it is of the utmost importance to explore the 
range of dosage between quantities just sufficient to give a 100 % result and 
just too little to give any response at all. This point has been fully investigated 
in a series of experiments with acid extracts, the results being summarised in the 
graph shown in Fig. 1. Extracts were prepared as described in Part I of this 
series. 

Roughly speaking a 50 °% response requires about 4 times the absolute mini- 
mum dose and the least quantity required to evoke a 100 °% response is 4 times the 
dosage required to produce any result at all. The reader may judge the reliability 
of this estimate by the very satisfactory consistency in the way the points arrange 
themselves in relation to a logarithmic curve. However, some attention was given 
to the reliability of each estimate in the mid region of the curve. In the neighbour- 
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hood of a 70 % response, an estimate based on 4 series of 10 toads is seen from 
the data in Table III to be subject to a maximum variation of 5 °/4 when the 
whole is considered as a group of 40 animals. Each of the points in the graphs in 
Figs. 1 and 2 is based on 40 toads. 
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Table ITT. 
Percentage response 
No. of batch No. injected No. ovulating 10 toads 20 toads 10 toads 
A 10 a 30) ae 
> - 69) 
B 10 10 100 j “0 
C 10 8 80) a j : 
D 10 7 70} oo 


The action of alkaline extracts of anterior lobe. 


The chief point which must be considered in any explanation of the mechanism 
by which the anterior lobe of the pituitary controls ovarian periodicity is whether 
one or more hormones are concerned. Evans and Long [1921] showed that 
injection of mature female rats with saline suspensions or extracts prepared with 
NaOH was followed by cessation of the oestrous cycle as a result of intensive 
luteinisation of the ovary. In the immature rat no effect was produced. Later 
Smith and Engle [1927] and Zondek and Ascheim [1927] found that injection of 
suspensions of anterior lobe tissue in the immature rat was followed by intensive 
follicular development, rupture of follicles and precocious oestrus. In the mature 
rat superovulation and superfoetation could be obtained [Engle, 1927]. At first 
the problem seemed a simple one. Basing his views mainly on the fact that 
injection of NaOH extracts in any dilution, was ineffective in causing follicular 
growth and oestrus in the immature rat the writer suggested that two distinct 
substances were involved [Bellerby, 1928]. One was stable to alkali and on 
injection caused development of luteal cells; the other was stable to acid and 
induced growth and rupture of follicules. A similar view was expressed later by 
Evans and Simpson [1928] and Wiesner and Crew [1930]. However, further 
work [Bellerby, 1929] showed this view to be unsound. Making use of the 
rabbit, an animal in which no periodic changes take place in the ovary, it was 
found that injection of acid extracts of anterior lobe was followed by luteinisation 
as well as follicular growth and rupture. In fact, the injection of any anterior 
lobe preparation resulted in both luteinisation and follicular growth occurring 
collaterally to a corresponding extent. 

Recently Fervold et al. [1931] and Claus [1931] claimed to have actually sepa- 
rated two substances from anterior lobe tissue with the specific physiological 
actions stated above. Subsequently, however, Van Dyke and Wallen-Lawrence 
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[1933] could not obtain evidence for the separation of the active substance into 
two fractions with solely follicle-stimulating or luteinising actions. Apart from 
this work no further reference is made to the numerous papers published on the 
‘hormones of the anterior lobe of pituitary.’’ The justification for this reticence 
is that in the majority of cases work on the existence of two or more substances 
in the anterior lobe transpires on furthér reading to be based on experiments in 
which no anterior lobe substance was employed. The large bulk of literature 
ostensibly dealing with the biochemical aspects of the anterior lobe is actually 
devoted to a detailed study of a certain novel but irrelevant attribute of the 
kidney. At the present time, therefore, no definite evidence is available to demon- 
strate the existence of two hormones directly influencing the ovary in the anterior 
lobe of the pituitary itself. 

As stated in a previous paper, preliminary experiments showed that alkaline 
extracts were apparently just as effective as acid extracts in producing ovulation 
in Xenopus. 

Extracts were prepared from ox pituitaries as follows. 

The anterior lobes were dissected out within 4 hours of the death of the animal, weighed and 
ground to a fine paste with sand. The mixture was then extracted with 1} times its weight of 
N/10 NaOH for 24 hours at a temperature of 0°. 

After first allowing the solid mass to thaw out it was carefully neutralised with 50 % acetic 
acid, phenol red being used as indicator. The mixture was then centrifuged and the red turbid 
extract decanted off. Injections were made without any delay into the dorsal lymph sac, strict 


attention being given to the points raised in the first paper. 


In Fig. 2 is shown a curve plotted from experiments in which injection of 
alkaline extracts was carried out under the same conditions governing the 
results obtained with the acid extracts. Points obtained from the latter series 
are also included for purposes of comparison. Emphasis must be laid on the fact 
that ten out of twelve points on the alkaline curve were derived from experiments 
in which the tissue-equivalent dose given was the same as in the acid series. It 
willbe seen that there is close similarity in the configuration of the two curves. 
No difference therefore is apparent in the effect of alkaline and acid extracts 
in producing ovulation in Xenopus. 


CONCLUSIONS. 


The work which has been done in the past seems to show that the ovary- 
pituitary relationship is common to all the land vertebrates, a fact which need 
evoke no surprise when we consider the widespread distribution of substances 
such as adrenaline (Cannon), secretin (Bayliss and Starling) and of the oxytocic 
and melanophore principles of the pituitary (Hogben and de Beer). In mammals 
the relationship is complicated by the highly complex specialisation of the 
follicle before and after ovulation. In amphibia this specialisation is lacking. 
For this reason the effect of pituitary extracts upon Xenopus is a valuable source 
of supplementary evidence when interpreting the data derived from the study 
of mammals alone. In the latter the dual action of anterior lobe extracts which 
evoke follicular growth and ovulation on the one hand and luteinisation on the 
other might be interpreted in two ways. One is that there are two substances 
respectively extracted more readily in acid or alkaline media. The other is that 
one and the same substance stimulates two processes which may be antagonistic. 
The assumption implied in the last remark would explain why on some oc- 
casions extracts have been found to evoke the first type of response and on 


other occasions the second. 
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A point of pivotal importance in the discussion is that both these processes, 
namely follicular development and ovulation on the one hand, and luteinisation 
on the other, affect different stages in the development of cells derived from the 
same primordial elements of the gonad. The action of extracts upon the ovary in 
Xenopus involves the response of cells derived from primordial elements with 
developmental potentialities of a simple order. 

At this stage, although the data derived from the study of Xenopus do not 
permit us to make a confident decision in favour of either one or the other of the 
twa hypotheses stated above, they do permit us to narrow the issues involved in 
the assumption of two separate substances. That in some experiments on mam- 
mals alkaline extracts have given luteinisation alone whilst other extracts have 
only evoked follicular development might be explained by those who invoke 
two separate substances in either of two ways. The first is that a luteinising 
substance which is more readily extracted in alkaline medium completely 
neutralises the action of another substance extracted both by alkaline and acid 
media, thus preventing the latter substance from evoking follicular development. 
The second is that such a luteinising substance does not directly neutralise the 
alternate component of an alkaline extract but stimulates the formation of cells 
with an antagonistic action so that the seat of the inhibition ultimately rests in 
the ovary itself. 

In other words, the process of luteinisation may inhibit the response of 
immature follicles to the action of the follicular component. The fact that acid 
and alkaline extracts are equally effective in acting upon ovarian cells which 
cannot undergo a luteinising process definitely disposes of the first alternative. 
Thus we have now to decide in favour of the second alternative or of the hypo- 
thesis that only one substance is involved in the response of the ovary to anterior 
pituitary extracts. The latter is the more economical hypothesis and there are 
at present no conclusive objections to it. An underlying assumption in the 
previous remarks is that alkaline extracts which have been found by some 
workers to induce conspicuous luteinisation also contain the substance which 
promotes cell division of the primordial ovarian cells, culminating in the dis- 
charge of the ovum. If we prefer to accept the dual hypothesis this assumption 
is not only justified by the experiments on Xenopus. It is also implicit in the 
testimony derived from mammalian studies since the presence of numerous 
corpora lutea presumably involves the previous development of follicles. 

In conclusion it will not be out of place to point out the relation of the 
present work on X. laevis and R. temporaria to similar studies on amphibia. 
The results obtained are entirely in accord with investigations on the induction 
of ovulation by means of pituitary transplants [Wolfe, 1929; Morgan and Sond- 
heim, 1932; Noble and Richards, 1930; 1932]. They also confirm the work of 
Kehl [1930], Adams [1931] and Buyse and Burns [1931] who have induced 
ovulation by means of injection of extracts of mammalian pituitary substance. 
Thus no support is given to the contention that ovulation can only be induced 
in amphibia by homeo-transplants or extracts of glands from amphibia them- 
selves [Houssay et al., 1929]. The above investigations coupled with those carried 
out on mammalia clearly show that an ovary-stimulating substance in anterior 
lobe tissue has a wide distribution throughout the whole vertebrate series. 

SUMMARY. 

1. Alkaline extracts of anterior lobe pituitary injected in equivalent dosage 
throughout the whole range of effective concentration are as effective as acid 
extracts in producing ovulation in Xenopus laevis. 
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tween injection and ovulation can be reduced from an average of 18 to 9 hours, 
thereby increasing the value of the animal for test purposes. 

3. Temperature variation was not found to have any perceptible effect on 
the sensitivity of the response of ovulation to injection of extract. 


2. By keeping toads at a high temperature (23-31°) the time elapsing be- 


The cost of animals and glands was borne by a Grant made to the Department 
by the Medical Research Council. 

The work was carried out during the tenure of a personal grant made by the 
Birth Control Committee, to whom my best thanks are due. 
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Tue study of lipoid distribution in derangements of lipoid metabolism may be 
expected to throw new light on the physiology of lipoid formation, transport and 
storage, just as the knowledge of carbohydrate metabolism is based to a great 
extent on the study of diabetes. At least three pathological entities of generalised 
‘“lipoid storage’’ disease or lipoidoses have been distinguished from clinical and 
pathological evidence and confirmed by chemical investigations: (1) Gaucher’s 
splenomegaly, characterised by large deposits of the cerebroside kerasin in 
spleen and liver; (2) Niemann-Pick’s disease, in which the phosphatide and 
cholesterol contents of the viscera, the bone-marrow and the brain are increased 
at the expense of neutral fat; (3) Schiiler-Christian’s disease with replacement of 
bone tissue by cholesterol deposits. The outstanding chemical characteristics of 
these diseases have been described in case reports in the medical literature. 
However, since the methods used and the condition in which the organs are 
obtained from the pest mortem room leave much to be desired from the point of 
uniformity, we took advantage of the simultaneous availability of fresh organs 
from several cases of these relatively rare conditions and studied the lipoid 
distribution in spleen and liver of three cases of Gaucher’s disease, two cases of 
Niemann-Pick’s disease, and three control cases. As the methods of extraction 
have been discussed in another connection [Sobotka e¢ al., 1930; 1932] they will 
be only briefly described in the experimental part. 

The synopsis in Table I shows that three cases of Caucher’s disease giv 
concordant results, namely, shifts from the phosphatide fraction to the neutral 
fat fraction, and possibly an increase of cholesterol in comparison with the control 
analyses. The main characteristic consists in*the increase of the balance in the 
acetone-insoluble lipoid mixture after allowance is made for cholesterol and 
phosphatides. This increase is due to the presence of considerable amounts of the 
pathological cerebroside kerasin [Lieb, 1924]. The cerebroside was isolated 
following Rosenheim’s procedure [1914; 1916]. Spheroliths of kerasin, com- 
pletely free from phrenosin, were identified by Rosenheim’s test with the selenite 
plate under the polarising microscope and 5 g. pure kerasin were prepared from 
52 g. of pooled acetone-insoluble material of spleen and liver (cases C and T 

The analysis of case H of Niemann-Pick’s disease revealed remarkable 
increases of phosphatides and cholesterol esters over normal and the almost 
complete absence of neutral fat. The latter finding was duplicated in another 
case of Niemann-Pick’s disease the analysis of which we owe to Dr J. Kahn, who 
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will communicate his findings in detail elsewhere [1933]. A new feature in this 
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Table I. Synopsis of lipoid analyses. 
Percentages of total lipoids 


. lip. Free Chol.- Phospha- Neutral Balance Free chol. 
. sol. chol. este! tides fat+r.a. (Cerebr.) Tot. chol. 


36-6 
26-1 
o7 
ait 


30-: 


805 50-1 3 25 


630 18-8 5-6 3- 95-5 53-2 17-6 18 


case was the great increase in cholesterol. One portion of the acetone extract 
consisted practically of pure cholesterol which crystallised in large characteristic 
colourless platelets from the pigmented fluid. Cholesterol ester was almost absent. 
Parallel with this increase and with the decrease in the amount of neutral fat, is 
the reduction in the quantity of phosphatides, especially pronounced in the 
spleen. The increase in the balance of the acetone-insoluble fraction (minus 


cholesterol and phosphatides) is at least partly due to the presence of kerasin of 
which 1-8 g. could be crystallised and identified; the presence of phrenosin was 
definitely excluded. Products of partial hydrolysis of phosphatides as phospha- 
tidic acids [Chibnall and Channon, 1927] and of cerebrosides such as psychosin 
Thudichum, 1884] and acyl-sphingosines might contribute to this fraction. 

The common fatty acids, stearic, palmitic and oleic acids, are presumably 
distributed between cholesterol ester, neutral fat and monoaminophosphatides 
lecithins and kephalins), while the higher acids, especially lignoceric acid, are 
found in diaminophosphatides (sphingomyelin) and in cerebrosides. Thus, we 
may estimate the amount of the ordinary fatty acids from the percentages con- 
tained in cholesterol ester (43-3 °%, oleic acid), phosphatides (70-3 °%% for stearo- 
oleolecithin) and triglycerides (95-6 °% for stearopalmito-oleoglyceride). Any 
free fatty acid, originally present or formed by decomposition, would be included 
in the figure for neutral fat according to the procedure of extraction. As will be 
seen from the last column of Table I, the total amount of fatty acid varies around 
50 for all cases investigated with the exception of Kahn’s case. 

The lipoids of animal tissues are intimately interlocked with each other 
through the presence of common groups as exemplified in the following scheme. 
The interconversion of lipoids can thus beinterpreted as “‘ exchange esterification” 
brought about by the hydrolytic and synthetic activity of esterases [Sobotka, 
1930]. In the lipoid disorders under investigation, the enzymic regulation of 
these equilibria seems to be disturbed. Substances, useful under normal con- 
ditions as transport forms, are not further metabolised, but are apt to clog the 
organs, especially those of the reticuloendothelial system. This is the case in 
Gaucher’s disease with kerasin, while in Niemann-Pick’s disease (case H), 
lecithin and cholesterol ester accumulate at the expense of neutral fat as indi- 
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cated in the scheme above by the arrows. This process went even further in 

5 Kahn’s case with subsequent depletion of the common fatty acids. 

6 Liver esterase. A study of the esterase in the liver specimens strongly supports 

9 the assumption of enzymic deficiency. The esterase contents of twelve livers 

‘1 were determined by the saponification of methyl butyrate. Four livers from 

FE cases of Gaucher’s disease and one liver from-a case of Schiiler-Christian’s 
} disease contained diminished amounts of esterase when compared with three 

8 normal livers (accidental violent death). Liver esterase was also diminished in 

T a case of fatty degeneration (alcoholism) and in an atrophied specimen, and it 


was almost absent in tuberculosis. The liver of Kahn’s case of Niemann-Pick 
seemed to contain no esterase at all while the liver of our case H was not in- 
cluded, as this enzymic study was begun in the later course of the work. 


EXPERIMENTAL. 

The fresh organs were chopped and extracted with cold acetone and subse- 
quently in a Soxhlet apparatus with hot acetone, ether and finally with alcohol. 
White matter precipitated from the hot acetone extract upon cooling. Ethe1 
and alcohol extracts from the same organ were combined for analysis. All 
fractions were analysed for total and free cholesterol, phosphorus and Kjeldahl 
nitrogen. The results for the cold acetone extract and for the supernatant of the 
hot acetone extract were combined. Allowance was made for the fatty acid 
bound with cholesterol, and the balance—after deduction of the weights of 
cholesterol, cholesterol esters and phosphatides calculated as lecithin—was 
assumed to consist of neutral fat and free fatty acid. The analytical results for 
the white matter from the hot acetone extract were added to those for the ether 
plus alcohol extract. The amounts not accounted for as cholesterol or phospha- 
tides comprise the cerebrosides and other Jess soluble phosphorus-free lipoids. 
From these fractions kerasin was isolated, if present, according to Rosenheim’s 
procedure. The white matter was extracted with tetralin [Page, 1930]; the 
tetralin extract was poured into excess acetone, and the precipitate was extracted 
with light petroleum, leaving all phosphatides behind. The material soluble 
in light petroleum was recrystallised from a mixture of equal volumes of 
chloroform and alcohol and from 90 °%, acetone. The white substance obtained 
had [«]p= —9-2°; it contained 1-96 % N (calculated for kerasin, 1-73) and yielded 
on hydrolysis 23-0 % (calculated, 22-2) sugar by Bertrand’s method, calculated 
for galactose. It contained less than 0-05 %% phosphorus and crystallised from 
pyridine in spheroliths which proved to be pure kerasin in the selenite plate test. 

The measure of esterase is the esterase unit (E.U.), equal to that amount of 
enzyme which hydrolyses 0-2 g. of methyl butyrate in 20 cc. of a buffer solution 
to an extent of 25 % in 60 minutes at 30°. 8 cc. of a M/3 buffer mixture of 
(NH,),HPO, and NH, in the proportion 9-5 to 0-5 were used for 20 cc. reaction 
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mixture making the initial p,, 8-2. The amount of hydrolysis was determined 
by titration with V/5 NaOH with thymolphthalein as indicator. 

One part chopped fresh liver was allowed to stand for 7—-14 days with 3 parts 
glycerol. The strained glycerol extract was used in a dilution equivalent to 100mg. 
fresh liver or 25 mg. dry liver tissue for 20 cc. of reaction mixture. The enzymic 
strength of a material was defined by Willstitter and Memmen [1924] by its 
esterase value (E.vV.) which equals the amount of E.v. in 10mg. Thus, the 
amount of E.v. calculated in the above tests from the amount of butyric acid 
liberated, multiplied by 10/25, gives the E.v. of a specimen. Aqueous 
ammoniacal extracts of acetone-dried liver tissue are always weaker than the 
glycerol extracts from fresh liver. 

The £.v. of three normal livers were 1-76 (0-54 for acetone-dried sample), 
1-60 and 1-42, those of the Gaucher cases 0-69 (T), 0-27 (C), 0-23 (B), and 
0-80 (Bayonne; acetone-dried sample, 0-16). In the last case, Gaucher’s disease 
was an incidental post mortem finding in an accidental death. The liver from a 
child with Schiiler-Christian’s disease had an E.v. of 0-27, that from a case of 
Niemann-Pick’s disease (Brooklyn) of which only an acetone-dried specimen was 
available, had no activity whatsoever. Other diseased livers, examined for 
comparison, included fatty degeneration with E.v. 0-57, a liver atrophy with 
E.V. 0-55, and a tuberculous liver with the low £.v. of 0-13. 


SUMMARY. 

The lipoids of liver and spleen in three cases of Gaucher’s disease were 
analysed and compared with the findings in two cases of Niemann-Pick’s disease 
and with normals. The classification of these diseases according to the chemical 
nature of the lipoids deposited is criticised. The various shifts in lipoid distribu- 
tion are explained by deficiency of lipolytic enzymes. Deficiency of liver esterase 
is demonstrated experimentally in these and similar cases. 


Our thanks are due to Dr W. Antopol, Bayonne Hospital, Bayonne, New 
Jersey, for a liver of Gaucher’s disease, Drs M. A. Goldzieher and J. Kahn, Beth 
Moses Hospital, Brooklyn, N.Y., for the liver of Niemann-Pick’s disease and for 
the communication of their analytical results, to the Chief Medical Examiner of 
the City of New York, Dr Charles V. Norris, for three normal livers, and to 
Prof. W. M. Sperry of the Presbyterian Hospital, N.Y.C., for the liver of 
Schiiler-Christian’s disease 
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THE oral administration of galactose to man results not only in the finding of 
galactose in the blood-stream but of an increased concentration of glucose 
(estimated as fermentable sugar) [Harding and Van Nostrand, 1929-30; Roe 
and Schwartzmann, 1932; Harding and Grant, 1932-33]. The increases in 
blood-glucose are variable in amount but can usually be found in arterial blood, 
if a sufficient number of samples be taken. In the fasting rabbit and the rat 
neither Corley [1927] nor Cori and Cori [1928] had found such increases, though 
Blanco [1928] reported them in the well-fed rabbit. The conditions and methods 
of these last three observations make them non-comparable with the findings 
on man. A previous meal of carbohydrate or fat, however, appears to cause no 
difference in the human results. 

The oral administration of fructose in man is also presumably accompanied 
by increases in blood-glucose. Isaac [1920] first emphasised this possibility, 
pointing out that the increases in total blood-sugar during fructose tolerance 
tests by no means represent the amount of circulating ketose. Direct determina- 
tion of blood-fructose by modifications of the Selivanoff reaction [Folin and 
Berglund, 1922] or by the Van Creveld reaction [Kronenberger and Radt, 1927; 

Radt, 1928] show that the amount of circulating fructose, after fructose ingestion, 
in normal man is very small, and that such amounts do not account for the 
observed increases in total blood-sugar. In the rabbit Corley [1929] observed the 
same discrepancy. : 

Are the increases in blood-glucose following the administration of galactose 
and fructose to man evidence of a general stimulation or irritation of a glucose- 
producing mechanism, due to the presence in the blood-stream and tissues of a 
large amount of a foreign sugar? Or do they represent the conversion of the 
entering sugar into glucose, either directly or through some intermediate? 
Harding and Grant [1932-33] concluded that blood-sugar studies after galactose 
administration gave evidence too limited and uncertain in character. To some 
extent the former view may be true, for Fishberg [1930] found the intravenous 
injection of galactose or xylose into the rabbit to produce a sharp increase in 
blood-fermentable sugar, though Corley’s results with l/-arabinose and d-xylose 
are less clear [1926; 1928]. Orally administered, neither pentose produces an 
increase in blood-glucose in the rabbit [Corley, 1926; 1928]. 

As both the amount of foreign sugar entering the blood-stream and its nature 
are likely to influence the result we have examined the blood-sugars in man after 
128—2 
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the oral administration of varying doses of fructose, mannose and xylose. The 
use of Proteus vulgaris [Harding and Nicholson, 1933] forms an exact method for 
the separation of glucose from fructose or mannose. Glucose and xylose can be 
separated by the same method or by the action of baker’s yeast. The methods 
allow of the use of a small amount of cutaneous blood and thus of the collection 
of a reasonable number of blood specimens. Whilst fructose tolerance tests in 
man have been frequently reported there are no records of the use of mannose and 
no blood-sugar observations after the oral administration of xylose to man. We 
have compared the results with those observed after 40 g. and 80 g. galactose by 
Harding and Grant [1932-33]. 


ANALYTICAL METHODS. 
Separation of glucose from fructose or mannose in cutaneous blood. 


0-5 ce. finger blood is laked in 8-5 cc. water in a centrifuge-tube, 0-5 cc. 10 % 
sodium tungstate and 0-5 cc. 0-66 N H,SO, are successively added from ac- 
curate micro-burettes, the mixture well stirred, allowed to stand 10 mins. and 
centrifuged. The centrifugate is decanted and by means of a knife blade 
sufficient solid Na,H PQ, is ‘added to adjust the p,, to 6-7-7-2. 3 cc. centrifugate 
are added to 0-25 g. wet-weight Proteus vulgaris |Harding and Nicholson, 1933] 
contained in a flat, high-efficiency tube belonging to the Liindgren high angle 
centrifuge and incubated with agitation for 30 mins. at 38°. The bacillus is 
separated in the centrifuge and the supernatant fluid decanted. The residual 
reducing substances are determined in | cc. of this fluid by mixing with 1 cc. of 
the sensitive copper reagent | Harding and Downs, 1933], heating for 10 mins. in 
a rapidly boiling water-bath, adding 1 cc. 1 % KI solution and 1 cc. N H,SO,, 
allowing to stand with occasional agitation for 3 mins. and titrating the excess 
iodine with 0-0625.N thiosulphate. At the same time, the total sugar is deter- 
mined in | ce. of the original Folin-Wu centrifugate. The difference represents 
glucose. The value for the residual reducing substances in the fasting specimen 
of blood is subtracted from the values obtained after fructose or mannose 
administration. This gives the fructose or mannose value in cc. 0-0025.N thio- 
sulphate 

The method follows that used by Harding and Grant [1932-33] for the 
fractionation of glucose, galactose and residual reducing substances. It was 
shown that the residual reducing substances after removal of glucose and 
galactose in a Folin-Wu blood-filtrate remained very constant during galactose 
tolerance tests. The constancy of this non-sugar fraction has been assumed in 
the present work. As control, we have occasionally determined the total glucose- 
fructose fraction by using Monilia kruset to remove both sugars. The total as 
determined in this manner agrees satisfactorily with that obtained by the method 
just detailed. Added fructose is satisfactorily determined. It is absolutely 
essential to control the p,;, of the Folin-Wu filtrate by the addition of Na,HPQ,. 
The p,, of a Folin-Wu filtrate prepared with the usual larger quantities of venous 
blood is very constant and about 6-8. In these filtrates we never experienced any 
difticulty in separating glucose from fructose or mannose. The p,, of corresponding 
centrifugates from the small amounts of capillary blood is quite variable, some- 
times being less than 6-0. The Proteus does not completely remove glucose under 
these conditions. 
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Separation of glucose and xylose in cutaneous blood. 


The procedure detailed above can be used if desired, but owing to the 
difficulties connected with the use and lack of keeping qualities of Proteus, it is 
more convenient to use 0-1 g. wet-weight washed baker’s yeast. This removes 
glucose quantitatively from the xylose. 

The determination can also be made by allowing the yeast action on whole 
blood to precede the precipitation of proteins by the Herbert and Bourne 
technique. In one centrifuge-tube is placed 0-25 g. washed baker’s yeast. To this 
and to a second centrifuge-tube are added 2:5 cc. of a solution containing 3 °% 
sodium sulphate and 0-6 °% sodium tungstate. 0-3 cc. of blood is placed in each 
tube and the contents well mixed. The yeast-containing tube is now incubated 
for 8 mins. at 38° and then to each is added 0-2 cc. 0-5 N H,SO,. The contents 
of both tubes are very thoroughly stirred, centrifuged and decanted, and the 
reducing value is determined on 1 cc. samples from each tube. The value of 
the yeast-containing tube represents xylose when a small correction (about 
3 mg./100 ce.) is applied for non-sugar reducing material. The difference between 
the values of the two tubes is glucose. 


Examination of urine for fructose or mannose. 

The urine is diluted to an appropriate degree, usually 5 or 10 times, if 
negative to Benedict’s reagent. The diluted urine is treated with H,SO, and 
Lloyd’s reagent [Harding and Selby, 1931]. The p,, of the filtrate is corrected to 
7-0 by the addition of solid Na,PO,. 15 cc. of the above neutral filtrate are 
poured onto 0-75 g. wet-weight washed P. vulgaris and incubated for 30 mins. at 
38° with stirring, 0-3 g. NaH,PO, is added and the mixture centrifuged in the 
high angle centrifuge. 0-6 g. light calcined MgO is added to the centrifugate which 
is then shaken for 15 mins. The mixture is filtered and the filtrate adjusted to 
Py 7:0 by a few drops of 1: 2 H,SO, from a very thin glass rod. The reducing 
power is determined on 1 cc. (as in the previous blood-filtrates) and represents 
the fructose or mannose plus the usual non-fermentable “sugar”. 3 cc. of the 
filtrate from the above MgO treatment are poured onto 0-5 g. wet-weight 
M. krusei [Harding and Nicholson, 1933] in a centrifuge-tube, incubated for 
30 mins. at 38° with stirring, centrifuged and the reducing power determined 
on lec. of the centrifugate. The difference between this and the previous 
determination represents fructose or mannose. If only small amounts of known 
fructose or mannose are present baker’s yeast can be substituted for M. krusez. 


Determination of xylose in urine. 

No specific method is available for xylose determination. Corley [1926] has 
used extra non-fermentable sugar after xylose administration as an index of 
excretion. McCance and Madders [1930] have estimated xylose in urine as extra 
pentose, or furfuraldehyde-yielding material. After xylose administration to 
man, the amount appearing in the urine is usually sufficient to give a positive 
Benedict’s test. The urine thus requires a high dilution, and it is sufficiently accu- 
rate to term xylose any non-fermentable “sugar” left after treatment with yeast. 

The factors requisite for the conversion of cc.0-005N thiosulphate to 
fructose, mannose or xylose can be found in Table I of Harding and Downs [1933]. 


EXPERIMENTAL. 


Normal male subjects fasted from 6.0 p.m. to the next morning. The 
bladder was emptied at 9.0a.m. The desired amount of sugar dissolved in 
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400 ce. water was taken. Finger blood-samples were drawn every 15 mins. 
during the first hour, and at 30 min. intervals during the second hour. Urine 
was collected at 11.0 a.m. The sugars were bought as pure, but the xylose was 
found to contain a small amount of reducing substance removable by yeast. 


RESULTS AND DISCUSSION. 

Fructose. The amounts of fructose appearing in the arterial blood after 
ingestion of 50 g. are very small. The small amounts, determined by the use of 
micro-organisms as a method of analysis, agree in general with those obtained 
by colorimetric chemical methods (Fig. 1). The main increases which occur in 
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Fig. 1. Showing glucose and fructose in cutaneous blood after oral 


administration of 50 g. fructose. 


the total blood-sugar are due to glucose. Similar, though perhaps not so large, 
increases are found after the ingestion of 25 g. fructose (not shown). Small 
amounts of fructose were also found in the urine, varying from 2 to 54 mg. in the 
two-hour period. These results support the supposition of Harding and Selby 
[1931] that part of the fermentable sugar of a daily urine can be fructose, 
arising from its ingestion in the form of invert sugar in fruits, honey, etc. 
Mannose. The blood analyses after ingestion of either 25 or 50 g. mannose 
are devoid of positive findings (Fig. 2). Neither the glucose nor the mannose 
fraction showed variations outside the biological or experimental variation. Of 
the so-called fermentable sugars, mannose shows the lowest rate of absorption. 
Using Cori’s [1925] figures on the rat as a general guide, mannose is absorbed 
from the intestine at slightly less than one-half the rate of fructose, yet this 
cannot be advanced as the entire reason for our failure to demonstrate its 
presence in the blood-stream. Some absorption unquestionably took place, for 
its presence in small amounts was readily shown in the urine. Moreover, the 
presence of xylose, which in the same series possesses only a very slightly 
inferior absorption rate, can readily be shown in arterial blood after its oral 
ingestion. The rate of utilisation of mannose must equal or exceed its rate of 
absorption. The few mg. which escape into the urine provide evidence for the 
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practical non-existence of a renal threshold for mannose. From our results on 
fructose the renal threshold for this sugar must also be non-existent or extremely 
low | Folin and Berglund, 1922]. The renal threshold for galactose appears to be 
equally low [Folin and Berglund, 1922; Harding and Van Nostrand, 1929-30; 
Harding and Grant, 1932-33], and glucose thus seems to be the only utilisable 
sugar which shows the interesting phenomenon of a high renal threshold. 
Xylose. This sugar is not utilised by the mammalian organism. True, 
coefficients of utilisation have been calculated from time to time on this and 
other pentoses, but the use of the term utilisation is based upon a lack of complete 
recovery of an administered amount, rather than on definite proof that the sugar 
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Fig. 2. Showing the lack of rise of blood-glucose after oral administration of mannose. Mannose 
was not detected in the blood. Subjects Ag and Gt received 25 g. mannose; subjects Ad and Nn 
50 g. 


takes an active part in daily metabolism. In recent studies Miller and Lewis 
[1932] have been unable to demonstrate satisfactory glycogen formation in the 
rat. Very active tissue, such as tumour tissue [ Russell, 1923] or embryonic kidney 
tissue [Watchorn and Holmes, 1931], causes the disappearance of xylose from a 
nutrient solution, coincidently with an increase in area of the growth, but the 
mechanism of the utilisation of xylose evidently differs from that accompanying 
the similar disappearance of glucose, fructose and galactose. The loss of xylose 
from the nutrient solution is not accompanied by any diminution of production 
of urea and ammonia as is the case invariably with glucose or fructose, and 
irregularly with galactose [Watchorn and Holmes, 1931]. 

The curve of blood-xylose after the oral administration of 50 or 25 g. differs 
from that of the other sugars. Large amounts are present, and at the end of two 
hours there is only a slight diminution in its concentration in three of the four 
experiments. Even after ingestion of only 10 g. the curve of blood-xylose has not 
reached zero level in two hours (Fig. 3). The contrast between the blood-sugar 
curves of this sugar and galactose (where the zero level is reached in two hours 
after ingestion of 40 g.) emphasises their different metabolic behaviour. Galactose 
belongs to the class of utilisable sugars, a fact which is now being more widely 
recognised than formerly. 
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Despite the large amounts of xylose in the blood-stream there is no marked 
rise in blood-glucose. The amounts of non-glucose sugar are larger than after 
either galactose or fructose. Only after ingestion of 50 g. of xylose is there, in 
one subject, any increase in blood-glucose which might be legitimately reckoned 
as outside the nornial fasting variation. The presence of a considerable quantity 
of foreign sugar in the blood-stream evidently need not produce a hyper- 
glycaemia. These results on man agree with those of Corley on the rabbit. The 
amounts of xylos» found in the urine are comparable with those noted by 
McCance and Madders [1930]. 
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Jn and Ds received 50 g. xylose; subjects Ag and Nn 25 g.; subjects Oc and Wd 10 g. 


Fig. 3. Showing glucose and xylose in cutaneous blood after oral ingestion of xylose. Subjects 


Galactose. Figs. 1 and 2 in the previous paper of Harding and Grant [1932-33] 
show the average curves of blood-galactose and glucose after the ingestion of 40 
and 80 g. galactose by man. 

What significance must be attached to the increase in blood-glucose occurring 
after the oral administration of galactose and fructose? Harding and Van 
Nostrand, and Roe and Schwartzmann, attributed it to direct conversion of 
galactose into glucose. Harding and Grant felt, however, that the increases were 
too variable and too independent of the amount of galactose to have their origin 
in a direct simple interconversion of the sugars. Yet, as we have just seen, the 
presence of similar amounts of foreign sugar in the shape of xylose will not 
produce a corresponding hyperglycaemia. Galactose and fructose are apparently 
a class apart, and produce a hyperglycaemia as a result of some specific action. 
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The most rational explanation to adopt at present seems to be to regard the 
hyperglycaemia as a result of the production of some precursor of glucose. 
Fructose has been known to produce lactic acid on ingestion in man [Campbell 
and Maltby, 1928] and galactose has recently been shown to give rise to lactic 
acid in dogs [Wierzuchowsky and Laniewski, 1931]. Whether the production of 
lactic acid from these two sugars reflects the primary path of metabolism or 
a secondary one is immaterial. Any large production would give rise to a 
temporary hyperglycaemia. Mannose is perhaps too slowly absorbed to give rise 
to a large amount of any glucose-former. Xylose, as a non-utilisable sugar, 
would possess no such action. 

While such a view may harmonise the facts as known after the oral ingestion 
of non-glucose sugars, it would seem necessary to assume that extremely large 
amounts, such as are temporarily introduced into the blood-stream by intra- 
venous injection, can give rise to hyperglycaemia, independently of metabolic 
change, as suggested by Fishberg. The one subject of our xylose series who showed 
a very slight hyperglycaemia after ingestion of 50 g. may have been at the 
commencement of such a change. The high dosage, however, produced a strong 
diarrhoea and precluded further experiments. 


SUMMARY. 


1. The oral administration of fructose to man produces an increase in 
blood-glucose. This is similar to the behaviour of galactose. Small concentrations 
of blood-fructose were also measured. 

2. The micro-organism method of analysis shows small amounts of urinary 
fructose after fructose feeding. 

3. It was not possible to demonstrate either the presence of mannose in the 
blood-stream or a hyperglycaemia after the oral administration of mannose. The 
slow rate of absorption of this sugar, coupled with a rapid utilisation, may 
account for these results. 

4. Mannose was detected in the urine after ingestion of mannose. 

5. The oral administration of xylose results in large amounts of circulating 
xylose in the blood. The rate of removal of xylose from the blood must be small, 
as easily measurable amounts are found at the end of two hours even after the 
ingestion of only 10 g. 

6. Large amounts of xylose are found in the urine after ingestion of xylose. 

7. It is suggested that the hyperglycagmias following the ingestion of 
fructose and galactose are the results of the production of a glucose-precursor. 
Any foreign sugar, however, if its blood concentration is sufficiently great, may 
produce a hyperglycaemia. 
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Ever since the early findings of Suzuki eé al. [1912] and of Drummond and 
Funk [1914] that nicotinic acid is a constituent of the curative fraction of rice 
polishings, suggestions have come forth associating the antineuritic factor with 
substances having purine or pyridine structures. The latter idea was accepted as 
a working basis by R. R. Williams [1916]. Williams, however, believed that only 
certain isomerides of the hydroxypyridines were effectual in curing polyneuritis in 
pigeons and, hence, developed his theory of the réle of isomerism in the physiology 
of vitamins. This work was not corroborated by other investigators. 

In a recent preliminary communication Tschesche [1933] has called attention 
to the similarity between adenine hydrochloride and the vitamin B, crystals 
isolated by Barnes ef al. [1932]. Heard et al. [1933], while admitting that 
vitamin B, crystals consist largely of adenine, stated that the latter did not 
exhibit vitamin B, activity. Neither did irradiated adenine produce a vitamin 
B, response. Contrary to the experience of the latter workers, Guha and 
Chakrovarty [1932] have reported in a preliminary communication sent by cable 
from India, that vitamin B, can be synthesised photochemically by the ultra- 
violet irradiation of adenine sulphate. 

In our recent investigations of the protective action of vitamin B, against the 
toxicity of thyroxine, highly concentrated extracts prepared by the author were 
employed, which were potent to the extent that 1 mg. daily per animal produced 
a growth of 3g. weekly, which is equivalent to the modified Sherman unit 
[Sherman and Spohn, 1923]; and 3 to 5mg. per rat daily produced a growth 
of 12 to 15g. weekly, which is equivalent to the Chick and Roscoe unit [1929]. 
Since in our recent hyperthyroidism work [Sure and Smith, 1933] we have 
employed pure crystalline thyroxine, it was desirable to follow such studies with 
as concentrated and as pure a source of vitamin B, as is obtainable. Attempts 
were made, therefore, to secure vitamin B, by the procedure of Guha and 
Chakrovarty. Since no details of the technique were given, adenine sulphate? 
was irradiated for periods varying frein 1 to 30 mins. These time limits had been 
found adequate for various sources of vitamin D. The irradiated adenine sulphate 
was dissolved in water and the daily dose administered volumetrically with a 
finely graduated pipette. 

In view of the recent report of Kinnersley et al. [1933] that as little as 0-1 y 
(00001 mg.) of pure vitamin B, should be a sufficient daily dose for pigeons, a 
smaller daily allowance than 0-1 mg. for the albino rat was not tried. The daily 
1 Research paper No. 318, Journal Series, University of Arkansas. 

2 A pure product purchased from Eastman Kodak Company, Rochester, N.Y. 
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Table I. Irradiated adenine sulphate as a source of vitamin B, for growth. 
Change in body weight is expressed in g. (D)=died. 
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number tation dosage —: F — 
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Table I (cont.). 


Period of 





Animal experimen- Daily Period of irradiation 
number tation dosage r - - a mc 
and sex (days) (mg.) 1 min. 5 mins. 10 mins. 16 mins. 30 mins. 
9730 16 0-1 — = = 42 poly 
ll 0-1 —6 — ame eae = 
19 1-0 -3(D) — _ es iis 
3 9731 13 0-1 “= = == LO — 
3 0-1 — — -= — -3 
9 0-1 -—9(D) — — — 
9733 13 0-1 — == =% ae 2 
y 0-1 — — oo —- —3(D) 
9734 13 0-1 —4(D) = — = seed 
$ 9735 13 0-1 +4 ss = os my 
3 0-1 = — i a _4 
4 0-1 -—5(D) — — — — 
3} 9736 13 0-1 — — — Ls ae 
3 0-1 — — — — B, 
il 0-1 -7 -- — —— = 
7 0-5 — _ — a -10(D) 
9737 13 0-1 a= = = a Ze 
15 0-1 - — — = i 
7 0-5 _ sim oa ee ~3(D) 
3 9738 13 0-1 — = =2 = 
15 0-2 —- — _ —_ =e 
24 0-5 oo _- —- ~- 5(D) 
9739 13 0-1 a -_ =F za P 
7 0-2 —— — — — ay 
11 0-1 +0 — = oe — 
13 0-5 os — — — —10(D) 
3 9740 13 0-1 — —4 — — = 
7 0-5 — — — = -9(D) 
2 9741 13 0-1 -- +5 —_— — — 
3 0-5 — — sas — Ss 
24 0-1 -—17(D) —- _ — 


dose varied from 0-1 to 1 mg. A total of 32 animals was employed, 19 females 
and 13 males. The experimental period lasted between 3 and 52 days. 

The dietary technique employed has been recently described [Sure, 1933] by 
the writer. First, the animals were transferred from our stock diet No. | 
[Sure, 1926] to a ration deficient in the vitamin B complex, which consists of 
caseinogen (purified)!, 20; agar-agar, 2; McUollum’s salts No. 185, 4; filtered 
butter fat, 10; and dextrin, 64. On this ration depletion of reserves of vitamins 
B, and B, was secured in two and generally in not more than three weeks. The 
rats were then transferred to our vitamin B,-deficient ration of the following 
composition : caseinogen (purified)!, 10; McCollum’s salts No. 185, 4; autoclaved 
dried round steak ?, 15; filtered butter fat, 10; dextrin, 61. On such a dietary 
regime, supplemented with 1 mg. daily of Sure’s vitamin B concentrate [1932], 
a gain of 3 g. per week per animal was obtained, and with 3 to 5 mg. daily of such 
concentrate, a weekly gain, satisfying the Chick and Roscoe [1929] unit, was 
secured; yet, as much as 1 mg. daily of irradiated adenine sulphate as a source 
of vitamin B, resulted in total failure of growth. The complete results are 
summarised in Table I. 


* With acidulated water and extraction with 25 % ethyl alcohol in the cold [Sure, 1933]. 
* Heated for 6 hours at 20 pounds pressure and dried. 
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SUMMARY. 


Pure adenine sulphate, irradiated for periods ranging from 1 to 30 mins. and 
fed in doses of 0-1 to 1 mg. per rat daily proved to be a complete failure as a 
source of vitamin B, for growth. 
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I. FURAN AND DERIVATIVES. 


SHEAR [1926] reported a test associated with vitamin D made by means of a 
reagent containing 15 volumes of aniline and 1 volume of concentrated hydro- 
chloric acid. When the test was positive a characteristic red coloration was 
obtained on heating. The test was given by irradiated cholesterol (containing 
ergosterol), cod-liver oil and the unsaponifiable portion of cod-liver oil, and by 
vegetable oils after ultra-violet irradiation. 

Shear’s reagent is somewhat similar to the aniline acetate reagent for 
detecting furfuraldehyde. We therefore undertook a study of his reagent with 
reference to its reactivity with furan and its derivatives. Our tests were carried 
out by adding 0-1 cc. to 0-2 cc. of the compound if a liquid and 25 to 50 mg. if 
a solid to 5 ce. of the aniline-hydrochloric acid reagent. The aniline used should 
be distilled once or twice until it is free from colour. We first observed the 
reaction at room temperature and then heated to note other changes. The 
results are given in Table I. 

Furan and its derivatives give characteristic colour reactions with the 
aniline-hydrochloric acid reagent. The colours obtained in the cold vary from 
red, lavender, purple, green to blue. Furan, tetrahydrofuryl alcohol and 
tetrahydrofuryl butyrate fail to react without the use of heat. The colours 
obtained on heating are deep red or brown-red. The colours developed darken 
on standing. Furoic acid and furylacrylamide do not react at room temperature 
or after the application of heat. 

Thiophen does not react. Pyrrole and some of its derivatives react slightly, 
but the reactions obtained with these compounds lose their significance in view 
of the fact that pyrrole when heated with dilute acid alone is known to form 
a reddish coloration or amorphous red powder. Pyrrole with the aniline- 
hydrochloric acid reagent gives a reddish brown colour before heating and a 
deeper brown after heating. The following compounds containing the pyrrole 
ring do not react in the cold or on heating: indole-3-n-propionic acid, skatole, 
proline, tryptophan and carbazole. 

















































Table I. 
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hydrochloric acid reagent. 


Compounds 


Furylacrolyl chloride 


At room temperature 


Black-brown; does not dis- 


solve readily 





Reactions of furan and derivatives with Shear’s aniline- 


On heating 


1. Furan No change Deep amber with red- 
brown tinge 
2. Fury! alcohol Purplish red Very dark brown 
3. Furyl acetate Brilliant red to lavender to Dark brown 
dark lavender 
4. Tetrahydrofuryl alcohol No change Orange 
5. Tetrahydrofuryl acetate Bright magenta Deep brown-orange 
6. Tetrahydrofuryl butyrate No change Yellow-brown 
7. Furfuraldehyde Brilliant purple Violet precipitate with 
dark brown liquid 
8. Furfuraldehyde acetone Dark red, deep olive-green Deep red 
9. Furfuraldehyde acetophenone Deep amber Mahogany-red 
10. Furylacrolein Green to blue Red 
11. Furylacroleinoxime Blue to green Dark brown 
12. Furfuraldehyde diacetate Brilliant red Mahogany-red 
13. Furfuraldoxime Bright red to purple Dark brown 
14. Hydrofuramide Bright red to purple Dark brown 
15. Furoin Brown, light red, dark brown Dark red with violet tint 
with violet tint 
16. Furil Yellow-brown to bright red Dark red-brown 
17. Furoic acid No change; does not dissolve Dissolves, no change in 
colour 
18. Methyl furoate Orange-red Light orange-red 
19. Ethyl furoate Blood colour, solidifies Dark brown 
20. Propyl furoate Orange-red Orange-red 
21. n-Butyl furoate Purplish red Very deep brown 
22. Amzyl furoate Deep olive-green Orange-red 
23. Furoyl chloride Violet to light amber Amber 
24. Furonitrile Brown-grey to dark brown Very deep brown 
25. Furacrylic acid Brown-grey to dark brown Very deep brown 
26. Furylacrylamide No change No change 


Black-brown 






The Shear reagent also reacts on the application of heat when solid carbo- 


II. 





TERPENES. 





hydrates with or without a free carbonyl group are added, yielding greenish 
brown, yellow-brown, and brown-red colorations. The pentoses, rhamnose, xylose 
and arabinose, react most vigorously owing to the large amount of furfuraldehyde 
they are capable of yielding when heated with acid. 














Sexton [1928] studied the reagent with reference to sterols and reported 
negative results with cholestane, cholesteryl acetate and dicholesteryl ether. 
The compounds that he observed to react positively were the ketone derivatives, 
and of these the more unsaturated proved the more sensitive. The saturated 
ketones, cholestane-4-one and cholestane-7-one, proved positive after prolonged 
standing of the heated reaction mixture, while the unsaturated ketones, 
cholestenone, oxycholesterol acetate, oxycholestenone and oxycholesterylene, 
gave intense colour reactions within ten minutes. Two ketones belonging to the 
terpene series, camphor and carvone, Sexton [1928] also found to give positive 
reactions. His findings harmonise with those of Heilbron et al. [1928], who 
maintain that vitamin D has ketonic properties. Rosenheim and Webster | 1926] 
regard Shear’s reaction as non-specific. They were able to obtain with olive oil 
after the addition of a trace of benzoyl peroxide or turpentine the same intense 














reaction as with cod-liver oil. 
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We have studied Shear’s reaction with members of the terpene series, using 
the method described in Part I (p. 2047). The results are given in Table II. 


Table II. Reactions of terpenes with aniline-hydrochloric acid reagent. 


Reaction on Changes on standing 
Compound Chemical nature heating after heating 
Camphane group 
1. Borneol Saturated compound; 1 secondary alcohol group No change No change 
Saturated compound; i ketone group No change No change 


2. d-Camphor 
Faint brown-red Light brown-red 


3. dl-Camphor a 
4-6. d-Camphoric acid 
d-Camphoric anhydride ¢ ” 
d-Camphorsulphonic acid J 


No change No change 


Saturated compound; 1 secondary alcohol group Blood-red Brown-red 
>? S 


7. Fenchyl alcohol 
Unsaturated compound; 1 double bond Blood-red Heavy pale brown 


3. Pinene 
Menthane group 
. p-Menthane Saturated hydrocarbon Brown-red Deep red oil drop- 
lets separate out 
. Cineole (eucalyptol) Saturated compound; 1 bridge oxygen Light brown Darker brown 
. t-Menthol Saturated compound; 1 secondary alcohol group No change No change 
2. i-Menthone Saturated compound; 1 ketone group Dark brown Dark brown 
3. Thujone Saturated compound; 1 ketone group Mahogany-red Mahogany-red 
. Terpene hydrate Saturated compound; 2 tertiary alcohol groups Brown-red Brown-red 
5. Terpineol Unsaturated compound; 1 double bond and 1 ter- Brown-red Brown-red 
tiary alcohol group 
}. Limonene Unsaturated compound; 2 double bonds Dark red Darker red 
. Carvone Unsaturated compounds; 2 double bonds and 1 Brown-red Deeper brown-red 
ketone group 
. Ionone Unsaturated compound; 2 double bonds and 1 Deep magenta- Darkens to deep 
ketone group red; on shak- red-brown with 
ing emerald disappearance of 
green observed green colour first 
on sides observed on sides of 
tube when shaken 


Olefine group 
. Citronellaldehyde Unsaturated compound; 1 double bond and 1 al- Yellow Dark brown 
dehyde group 
. Citronellol Unsaturated compound; 1 double bond and 1 al- Orange-red Deep brown 
cohol group 


21. Isoprene Unsaturated compound; 2 double bonds Golden yellow Brown 
to yellow-brown 


2, Geranial (citraldehyde) Unsaturated compound; 2 double bonds and 1 al- Deep cherry-red Deep brown-red 
dehyde group : 

23. Geraniol Unsaturated compound; 2 double bonds and 1 Orange-red Deep brown 
primary alcohol group 

24, Linalool Unsaturated compound; 2 double bonds and 1 ter- Dark red-brown Deep red oil drop- 
tiary alcohol group lets separate out 


The compounds tested as a rule do not react in the cold. Citral, however, 
proved to be an exception, giving the colour of intense magenta in the cold. The 
colour of the reaction mixture at room temperature was slightly darker with 
terpene hydrate, terpineol and linalool, and slightly lighter with cineole and 
limonene. Citronellal gave a yellowish white precipitate in the cold, but the 
characteristic colour reaction was obtained on heating. The colours in the heated 
mixtures darkened on standing. Red colorations turned deeper red or deep 
brown. 

The aniline-hydrochloric acid reaction is negative with i-menthol, borneol, 
d-camphor, d-camphoric acid, d-camphoric anhydride and d-camphorsulphonic 
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acid; dl-camphor reacts very faintly. The reaction is the more intense the 
greater the saturation of the compound. The olefinic terpenes react most 
vigorously. The presence of an alcohol, aldehyde or ketone group in an un- 
saturated terpene serves to intensify the colour reaction. Configuration also 
influences reactivity. Carvone and ionone are both unsaturated compounds with 
two double bonds and one ketone group. Yet ionone is far more reactive than 
carvone. 

We cannot confirm Sexton’s conclusion that the ketone group is responsible 
for the Shear reaction. The ketone, d-camphor, gives no result and dl-camphor 
(synthetic) gives but a very slight reaction. While the ketones, /-menthone, 
thujone, ionone and carvone, react very strongly, we must not fail to note that 
many of our most reactive compounds are not ketones. 

Carotene yields on heating a deep brown-red colour with Shear’s reagent. 
Carotene is related to the terpenes. Karrer et al. [1929; 1930; 1931] subjected 
B-carotene to permanganate oxidation and obtained f-ionone, a terpene. On 
ozonising B-carotene he recovered an amount of geronic acid comparable to that 
obtained from two moles of B-ionone. From «-carotene Karrer obtained amounts 
of geronic acid comparable with half of that obtained from B-carotene. Heilbron 
et al. [1932] obtained geronic acid as a result of the oxidation of vitamin A. The 
isolation of this acid confirms the presence of the ionone ring in the structure of 
the vitamin A molecule. We have examined ionone with the aniline-hydrochloric 
acid reagent and have found it to be exceedingly reactive. 

The Shear reaction is given by substances containing any of the fat-soluble 
vitamins, by cod-liver oil and cod-liver oil concentrates, by halibut-liver oil 
or its concentrate and by preparations containing vitamin E. Wheat germ oil, 
rich in vitamin E, was treated to remove any traces of vitamin A. It was heated 
at 100° for one hour and oxygen passed through it during the period of heating. 
The cooled oil gave a stronger reaction with the aniline-hydrochloric acid reagent 
than the untreated oil. 

The Shear reaction is also given by provitamin A (carotene) and by irradiated 


ergosterol. 


REFERENCES. 


Heilbron, Heslop and Morton (1932). Biochem. J. 26, 1179. 
Morton and Sexton (1928). J. Chem. Soc. 47. 
- and Webster (1932). Biochem. J. 26, 1194. 
Karrer and Helfenstein (1929). Helv. Chim. Acta, 12, 1142. 
Wehrli and Wettstein (1930). Helv. Chim. Acta, 13, 1084. 
Pieper and Morf (1931). Helv. Chim. Acta, 14, 614. 
and Morf (1931). Helv. Chim. Acta, 14, 833, 845, 1033. 
Rosenheim and Webster (1926). Biochem. J. 20, 537. 
Sexton (1928). Biochem. J. 22, 1133. 
Shear (1926). Proc. Soc. Exp. Biol. Med. 23, 546. 




















CCLXXX. REACTIONS OF TERPENES WITH 
ANTIMONY TRICHLORIDE. 


By VICTOR EMANUEL LEVINE anp EUDICE RICHMAN. 


From the Department of Biological Chemistry and Nutrition, School of 
Medicine, Creighton University, Omaha, Nebraska. 


(Received October 28th, 1933.) 


Antimony trichloride in chloroform solution yields colour reactions with fish- 
liver oils and fish-liver oil concentrates [Carr and Price, 1926], with carotenoid 
pigments [Moore, 1929; Euler e¢ al. 1928], with certain sterols and their deriva- 
tives [Karrer, 1928; Wokes, 1928; Heilbron and Spring, 1930; Seel, 1931], and 
with certain five-membered monoheterocyclic compounds [Levine and Richman, 
1933}. 

Unsaturation and the terpene groupings are common chemical factors in 
carotenoid pigments, in vitamin A and in sterols occurring in the plant and 
animal organism, according to Karrer ef al. [1929; 1930; 1931] and to Heilbron, 
Morton and Webster [1932]. Norris and Church [1930] have studied the 
antimony trichloride reaction with relation to some thirty-four essential oils. 
They reported that these oils yield various shades of yellow, brown and red. 
Wormwood oil, however, gave a green colour, etheral oil a purple and cedar 
wood oil an intense permanent blue, which has an absorption band with a 
maximum at 580mp. Corbet et al. [1933] reported several terpenes as interfering 
substances in the antimony trichloride test for vitamin A in cod-liver oil. 

We have studied the antimony trichloride reaction among compounds of the 
terpene group. The reagent used was that of Carr and Price. Antimony tri- 
chloride, washed three times in chloroform (v.s.P.) containing 1 ° alcohol, was 
dried in the desiccator. A solution of this product was made by adding 30 g. to 
100 ec. of chloroform. The clear solution was decanted and used as the reagent. 
The terpenes were made up to 20 % solutions or mixtures in chloroform. Three 
to four drops of the chloroform mixture were added to 2 cc. of the antimony 
trichloride reagent. The reaction mixture containing terpene and reagent we 
have designated as Reaction mixture A. 

We have also adopted a procedure in which three to four drops of the 
terpene in chloroform are added to 0-5 cc. of acetic anhydride before final 
admixture with antimony trichloride solution. The acetic anhydride prevents 
the formation of precipitates in the reaction mixture. It also acts as a catalytic 
agent, inducing a more vigorous reaction and a more intense display of colour 
changes. The reaction mixture containing acetic anhydride we have designated 
as Reaction mixture B. The results are given in Table I. 

The reaction is usually characterised by a succession of colour changes. In 
many cases the final colour is purple. Citral in the presence of acetic anhydride 
changes from dark yellow to brown, to wine, to purple and finally to dark blue. 
Ionone is a terpene which may be obtained by the oxidation of carotene and of 
vitamin A [Karrer et al., 1929; 1930; 1931]. This unsaturated terpene gives with 
antimony trichloride an amber colour changing to wine, and finally on long 
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Table I. Reaction of terpenes with antimony trichloride. 


Reaction 


Chemical nature mixture Results 


Compound 
Camphane group 


Saturated compound; 1 secondary 
alcohol group 


1. Borneol 


Saturated compound; 1 ketone 
group 


2. d-Camphor 


3. d-Camphor 


4-7. d-Camphoric acid 
d-Camphoric anhydride 
d-Camphorsulphonic acid 


Saturated compound; 1 secondary 


8. Fenchyl alcohol 
alcohol group 


Unsaturated compound; 1 double 
bond 


9. Pinene 


Menthane group 


10. p-Menthane Saturated hydrocarbon 


Saturated hydrocarbon; 1 bridge 
oxygen 


Saturated compound; 1 ketone 
group 


Saturated compound; 1 secondary 
alcohol group 


Saturated compound; 1 ketone 
group 


Saturated compound; 2 tertiary 


alcohol groups 


Unsaturated compound; 1 double 
bond and 1 tertiary alcohol group 


Unsaturated compound; 2 double 
bonds 


Unsaturated compound; 2 double 


bonds and 1 ketone gi 


Unsaturated compound; 2 double 
bonds and 1 ketone group 


Colourless, slight pink overnight 


Colourless; no change 


Light pink to rose 
Colourless, to amber with pink tint 


No colour after 24 hours 
No colour after 24 hours 


No colour after 24 hours 
No colour after 24 hours 


Deep lemon turning cloudy green, finally 
white precipitate and light brown fluid 

Colourless, changing quickly to deep lemon- 
yellow, brownish yellow, purple and to wine 
colour with brown tinge 

Creamy, chalky precipitate, to orange pre- 
cipitate and brown wine-coloured liquid 


Colourless, then brown-purple colour, finally 
light brown 


Slightly cloudy, light pink, to salmon colour, 
gray precipitate 

Colourless, to light lemon, light amber and 
finally light red-brown 


Cloudy with pink tint. On standing pre- 
cipitate forms, supernatant liquid orange 
with purple tint then to purple-brown 


Colourless to pink, purple-pink, rose-purple 
to purple 

Colourless; cloudy faint pink after 24 hours 

Pale straw, to very light tan after 24 hours 


No colour 

No colour 

Slightly cloudy, to light pink, yellow pink, to 
brown with pink tinge 

Slight amber, dark amber, brown 

Cloudy, light orange with pink tinge, over- 
night light brown with pink tint 

Colourless, to pink, overnight to mahogany- 
brown with pink tint 

Light liquid, then pinkish precipitate and 


orange-yellow liquid, which becomes purple- 
brown, finally brown with slight green tinge 

Colourless, to lemon colour, light pinkish 
brown, reddish brown 


Creamy suspension, to brick colour; white 
precipitate with a brown liquid, which 
finally changes to purplish 

Greenish lemon, to mahogany-brown and 
finally to purplish brown 


Lemon yellow changing to rose 
Lemon yellow changing to red-brown 
Amber to wine, overnight to purple 


Amber to greenish amber, mahogany-brown 
to reddish purple 
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Compound 


Table I (cont.). 


Reaction 
mixture 


Chemical nature 


Olefine group 
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Results 





te _— 


. Citronellal Unsaturated compound; 1 double A White flaky precipitate, to orange, to pink 
bond and 1 aldehyde group supernatant red-brown fluid 
B Amber, purple amber, brownish purple to 
wine colour 
. Citronellol Unsaturated compound; 1 double A Yellowish suspension, cloudy brown, to 
bond and 1 primary group brown, to orange, to red-brown 
B Amber, purple amber, brownish purple to wine 
colour 
22. Isoprene Unsaturated hydrocarbon; A Yellow at once, changing to orange and then 
2 double bonds to cherry-red liquid with brown precipitate 
B No colour formation within first half hour, 
then yellow to orange, to deep red, to brown 
3. Geraniol Unsaturated compound; 2 double A Creamy coloured suspension, to orange, 
bonds and 1 primary alcohol group brown-orange, mahogany-brown 
B Lemon, changing instantaneously to faint 
pink, then pink-purple, to purplish brown 
. Geranial (citral) Unsaturated compound; 2 double A Dark yellow precipitate, dark brown liquid 
bonds and 1 aldehyde group B Dark yellow, brown brick precipitate, ma- 
hogany-brown liquid changing to purple tint 
). Geranyl acetate aa A Golden yellow, brownish brick precipitate 
and mahogany-brown liquid to purple tint 
B Greenish lemon, light green, light 
brown with purple tint 
26. Linalool Unsaturated compound; 2 double A Light orange suspension, light pink, yellow- 


bonds and 1 tertiary alcohol group pink, brown with pink tinge 


B Lemon, turning instantaneously to 


purple-brown, purple mahogany-brown, to 


distinct purple-brown 


standing to purple. In the presence of acetic anhydride the initial colour is 
amber, which changes to greenish amber, mahogany-brown and finally to 
reddish purple. Vogel and Stohl [1933] converted B-ionone by cyclisation with 
sulphuric acid into an orange-yellow powder, which gave with antimony 
trichloride in chloroform solution a permanent and very intense blue colour 
with a maximum absorption spectrum at 510 mp and a large band beginning 
at 430 muy. 

The following compounds yield no colour reactions: dl-camphor, d-cam- 
phoric acid, d-camphoric anhydride, d-camphorsulphonic acid and /-menthol. 
The following react very slowly and very slightly: d-camphor, borneol and 
l-menthone. 

The terpenes that react most vigorously are the unsaturated ones and the 
higher the degree of unsaturation, the greater the reactivity of the compound. 
The presence of an aldehyde, alcohol or ketone group induces greater reactivity 
in the unsaturated compound. The camphane group is the least reactive and the 
olefine group the most reactive. 
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INTRODUCTION. 


THE present report on the effect of the ripening process on the anticalcifying 
properties of maize had its origin in two lines of interest. In the first place, it 
was expected that if differences between immature and ripe grains were found to 
exist, the foundation might thereby be laid for profitable studies on the nature 
of an anticalcifying factor or factors [Mellanby, 1921; 1922; 1924; 1925; 1926; 
1930; Green and Mellanby, 1928]. In the second place, the irregularity in the 
production of rickets on Ration 2965 [Steenbock and Black, 1925] as reported 
by Harris and Bunker [1930; 1931] might be explained. In seven or more years 
of use of Ration 2965, even though we have obtained our supply of maize from 
numerous sources on the open market, we have not experienced the irregularities 
in the production of rickets reported by Harris and Bunker. They claim to have 
overcome the difficulty by ageing the ground maize for 6 months or more, but 
storage of the whole kernels as distinguished from the ground maize was not 
found to result in improvement. Goldblatt [1931] has suggested that the 
difficulty was not caused by a variation in the quality of the maize but in a 
variable settling out of the calcium carbonate from the other ingredients of the 
ration. He has proposed the incorporation of gelatin in the diet to prevent this. 


EXPERIMENTAL. 
Series I and I[I—Field maize. 


On August 25, 1931, yellow dent maize still in the milk stage was brought to 
the laboratory from the university farm. Only good sized ears which had the 
husks fully closed and which carried a browning silk were selected. These were 
husked in the laboratory, and the kernels were cut from the cob. Scraping 
successfully removed the germ from the cob also. A moisture determination at 
this time showed the presence of 66-0 °% of water. 

The maize, spread in granite-ware pans in a layer not over one kernel in 
depth, was dried in the laboratory before an electric fan at a temperature not 
exceeding 29°. If any fermentation occurred, it was kept at a minimum by the 
low humidity of the atmosphere during the days of drying. The product had a 
sweet odour and in 24 hours was sufficiently brittle to be ground in a burr mill. 

1 Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station, Madison. 

* Quaker Oats Company Fellow. 
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The temperature during grinding never rose above 42°. Immediate cooling was 
accomplished in a refrigerator. After a day of further desiccation at reduced 
pressure in the presence of dry CaCl,, it was stored in a cloth bag. 

A second portion of the maize prepared in the same manner was desiccated in 
a drying room with the aid of a fan. After 15 hours’ drying at a temperature 
slightly below 50° it was sufficiently dry to grind. A third portion, which was too 
mature to be classified in the milk stage, was dried on the cob in an air current at 
room temperature preparatory to shelling and grinding. 

For control purposes normally matured ears of maize were removed from 
the shocks of the same field on September 29. These were shelled and dried by 
exposure to an air current at room temperature for 5 days. The kernels were 
ground at once and feeding was started a week later. For additional control 
purposes there was fed maize from the previous year’s harvest. 

In Series I each sample of maize was fed as the cereal component of our high 
calcium-low phosphorus rickets-producing Ration 2965 [Steenbock and Black, 
1925] which has the following composition: yellow maize 76 parts, wheat 
gluten 20; CaCO, 3; and NaCl 1. The rations were fed to four litters of rats 
ranging in age from 23 to 25 days and in weight from 54 to 67 g. The rats were 
confined individually in cages provided with screen bottoms. They were so 
distributed that each ration was fed to one representative of a litter. Distilled 
water and food were fed ad libitum, but a daily record was kept of the food con- 
sumed. Body weights were recorded weekly. 

In Series IT there was used the same maize as in Series I, but the ration and 
technique of feeding were changed. Four parts of the wheat gluten were 
replaced by dry yeast! to improve food consumption, and the food intake was 
equalised by limiting it for each rat in the series to the level of that rat which 
had the lowest intake, disregarding distinctly abnormal animals. Each ration was 
fed to 6 rats taken from representative litters at the age of 25 or 26 days and at 
a range in weight of 52 to 63 g. 

At the close of a 5-week feeding period the rats of both Series I and II were 
killed and the femurs removed and dissected free from soft tissues. The femurs 
were extracted in a Soxhlet extractor for five days with 95 % alcohol and then 
ashed in a muffle furnace at red heat. The distal ends of radii and ulnae were 
preserved in 10 % formalin and later split longitudinally and placed in dilute 
AgNO, solution for exposure to light to reveal the width of the uncalcified 
metaphyses as carried out in the line test described by McCollum et al. [1922]. 
Inspections of the costochondral junctions were made at the time of termination 
of the experiment. 

The average results for the groups studied in Series I and II are assembled in 
Table I. In the series which received the rations ad libitum but without yeast, 
the range of average individual daily food intake was 6-2 to 9-1 g. with group 
averages ranging from 7-0 to 8-2 g. In the duplicate series of rations containing 
yeast, the individual range was 6-5 to 7-3 g. with group averages between 6-9 and 
7-2 g. 

The weight gains as well as food consumption of the rats were somewhat 
disturbed during the fifth week by infections of their respiratory tracts. Although 
in most cases the infections were of a very mild nature, in 10 animals they were 
of a moderate or severe grade as indicated by a definite wheeze and the presence 
of a serous discharge from the nostrils. Although these symptoms were sugges- 
tive of a vitamin A deficiency, only two rats showed evidence of the initial stages 
of ophthalmia. 

1 Obtained from The Northwestern Yeast Company, Chicago. 
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Table I. Effect of immaturity of field maize on calcification. 





Average 


Femur data 





daily Weight 

Body weight food of ex- 

——— consump- tracted Weight 

Initial Gain tion bone of ash % = Meta- Costochondral 

Ration g. g. g. g. g. of ash physes junctions 
Ad libitum food consumption—(4 animals) 
R37. Untipe maize air-dried below 29° 58 42 79 0-1005 0-0331 33-0 Wide Much enlarged; double 
beading; angulation 
2 38. Unripe maize dried at 50° 59 46 79 01069 00346 32:3 
(39. Nearly ripe maize air-dried on cob 60 18* 8-2 00833 0-0203 24:3 
4 40. Ripe maize, from shock 58 17* 7-2 0-0893 0-0250 27-8 
R41. Ripe maize, from usual stock 61 24 7-0 00929 0-0243 26-2 
supply 
Fqualised food consumption—(6 animals) 
R 42. Unripe maize air-dried below 29 57 i 7-2 0-1050 0-0330 31-5 
R 43. Unripe maize dried at 50° 57 14 7-2 00-1069 00357 33-2 
R 44. Nearly ripe maize air-dried on cob (55) (25) (7-0) (0-0840) (0-0213) (25-5) 
57 24*¢ 7-0 0-0902+ 0-0243+ 26-8T 

8 45. Ripe maize, from shock 55 33* 6-9 00924 0:0220 240 
R46. Ripe maize, from usual stock 56 30* TO 0-0903 0-0210 23-2 





supply 


* 2 or 3 animals lost weight during the last week. 
t+ 3 animals died before 31st day. 
( ) Average for the 3 animals which lived to the close of the experiment. 


The values for weights of extracted femurs, weights of ash and percentages 
of ash ran remarkably parallel in the two series. Although all animals were in a 
very rachitic condition, the ash analyses indicated that the immature maize was 
less rickets-producing than the ripe maize. Group averages for percentage of 
ash in the femurs of rats fed immature maize, whether dried below 29° or at 
approximately 50°, fell between the values 31-5 and 33-2 °. On the other hand 
the somewhat immature maize dried on the cob, ripe maize taken from the 
shock and maize from the previous year’s stock supply produced femurs with an 
ash content falling between 23-2 and 27-8 %. Thus immature maize rations 
consistently produced a bone with approximately 7 % higher ash content than 
that formed from ripe maize rations. The average weight of extracted femurs 
from the immature maize rations fell between 0-1005 and 0-1069 g. as compared 
with the ripe maize range of 0-0833 to 0-0929 g. A similar relationship held for 
average ash weights, the immature maize values falling between 0-0330 and 
0-0357 g. in comparison with a range of 0-0203 to 0-0250 g. for the ripe maize 
products. 

The silver nitrate staining test as applied to the wrist bones showed the 
presence of wide rachitic metaphyses in all animals of both series. Likewise no 
differentiation was possible by means of the costochondral junctions, all of 
which were much enlarged with double beading or angulation in most animals. 
These observations were in harmony with the results obtained by ash analysis of 
the femurs. 

It is evident that the immature maize contained nutrients or a combination 
thereof, which promoted better bone calcification than the corresponding mature 
maize. Analysis of two of the rations of Series I ruled out the possibility that 
this was due to a variation in total phosphorus content. The ration compounded 
from immature maize dried below 29° contained 378 mg. of phosphorus per 100 g., 
and that compounded from ripe maize from the shock contained 391 mg. per 
100 g. 
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Series II I—Sweet maize. 


The study of the relation between the ripening process of maize and a change 
in its power to promote bone calcification was continued on canned sweet 
maize. Two canned products of “Golden Bantam” sweet maize and “Golden 
Bantam” seed were obtained, from a commercial canning company’. One 
product was vacuum-packed and the other brine-packed. According to informa- 
tion furnished by the packers the sweet maize canned by the vacuum process 
had received no addition other than salt. In the brine process of packing, salt, 
sugar and water had been added. For further comparison a brine-packed whole 
kernel white sweet maize, probably of the ‘‘Country Gentleman” variety, was 
bought in the open market. 

The desiccation of the above canned products was carried out in granite-ware 
pans placed before a fan in a room held at a temperature of 47 to 51°. By 
spreading the maize in a layer not over one kernel in thickness a product 
suitable for grinding was obtained in 18 to 22 hours. The vacuum-packed maize 
yielded 31 °%, of dry matter and the brine-packed maize an average of 20 % dry 
matter. 

The three samples of canned sweet maize were compared with ripened Golden 
Bantam seed. In order to relate the results to those obtained in the immediately 
preceding series, immature yellow dent maize dried below 29° was also included. 
The possible effect of heating during the drying process was evaluated by using 
a ration which included maize which had been ground coarsely, then covered 
with water and dried under conditions comparable to those used in desiccating 


the canned samples. 
The 6 samples of maize were fed in Ration 2965 which was modified by the 


inclusion of 4 % dry yeast as described in Series II. To eliminate a possible 
vitamin A deficiency indicated in the previous experiments, 2 drops of red palm 
oil were administered to each rat twice weekly. This was five times the amount 
required to cure ophthalmia in rats depleted of vitamin A. 

Before feeding the red palm oil as a source of vitamin A, it was tested for 
vitamin D to make certain that it did not add appreciable amounts of this 
factor. The assay was carried out in the usual manner of conducting the line test. 
Rachitic rats were fed the oil at levels of 2, 5 and 7 drops, delivered from a 
calibrated dropper. These amounts, equivalent to 40, 100 and 140 mg. of oil, 
were administered over a 10 day period. In no case was any evidence of healing 
obtained in the distal ends of the radii and ulnae. 

Each ration was fed to 6 rats taken from litters 24 to 27 days of age. The 
distribution, caging and feeding of the animals were the same as in Series II, 
including equalisation of food consumption for all rats. 

At the close of the 5 week feeding period pooled blood samples were obtained 
for estimation of serum-calcium and inorganic phosphorus. The rats were placed 
under light ether anaesthesia and the blood from the left carotid artery was 
collected in a chilled centrifuge-tube. After standing overnight in a refrigerator, 
the blood was centrifuged and the serum was analysed. 

The inorganic phosphorus was determined by the method of Fiske and 
Subbarow [1925]. Calcium was determined by the McCrudden [1911-12] 
method modified as follows. An aliquot of the protein-free filtrate obtained as 
in the phosphorus determination and representing 1 cc. of serum was brought to 
neutrality in the presence of alizarin with dilute NH,OH and HCl. One drop of 
5 °%% HCl in excess was added and the calcium precipitated by sodium oxalate in 


1 Obtained from The Mid West Canning Corporation, Rochelle, Illinois. 
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a medium buffered with sodium acetate to a py, sufficient to give a red colour 
with alizarin. After standing overnight, the calcium oxalate was centrifuged off, 
washed with dilute NH,OH, dissolved in H,SO, and titrated with 0-01 N KMnO, 
delivered from a micro-burette. 

The ash analyses were made on only one femur of each animal except in 
those cases where a possible discrepancy needed checking. The metaphyses of 
the wrists were measured after silver nitrate staining, with a steel scale graduated 
to one-hundredth of a centimetre. Observations on the costochondral junctions 
were included. 

The results of this series of tests are assembled in Table II. The gains in 
body weight were both satisfactory and uniform throughout all groups. The 
food intake averaged 6-6 g. per animal per day for the entire period. 


Table II. Effect of immaturity of sweet maize on calcification. 





Average Femurs Maxi- 
daily mm 
food Weight width 
Body weight con- of ex- of 
-——"——>, ‘Ssulip- Ca P tracted Weight meta- 
Initial Gain tion mg./ mg./ bone ofash %_ physes Costochondral 
Ration g. g. g. 100 ec. 100 ce. g. g. of ash cm. junctions 
R61. Golden Bantam seed 63 47 6-6 11-4 2-5 0-1138 0-0378 33-0 0-15 Much enlarged, some 
angulation and 
double beading 
R 62. Golden Bantamground 62 52 6-6 10-8 2-7 0-1174 0-0424 36-2 0-14 Much enlarged 
seed moistened and dried 
R 63. Golden Bantam, 62 51 6-6 11-0 43  0-1450 0-0653 45-0 0-10 Slightly enlarged 
vacuum pack 
R 64. Golden Bantam, brine 60 54 6-6 11-2 3-9 01419 0-0619 43-6 0-10 Slight to moderately 
pack enlarged 
R 65. White sweet maize, 62 57 6-6 12-0 4-4 0-1620 0-0749 46-1 0-10 Slightly enlarged 
brine pack 
R 66. Unripemaize, air-dried 61 551 6-6 10-8 3-9 01338 0-0534 39-7 0-11 Moderately enlarged 


below 29° (yellow dent) 





* Blood from rats with severe respiratory trouble was not used. 
t One rat had severe respiratory trouble at the close of the experiment. 


The percentage of ash in the femurs disclosed the same relations as those 
observed in the previous experiments; that is, the immature maize promoted 
better calcification than the corresponding ripe maize. Whereas the Golden 
Bantam seed produced femurs containing’ 33-0 °/, of ash, the same variety of 
maize at the canning stage raised the ash content to 45-0 and 43-6 %. The 
white variety of sweet maize gave an ash content of 46-1 °% , a figure comparable 
to that given by the Golden Bantam variety. Moistening and redrying the 
Golden Bantam seed raised the ash content to 36-2 °,—a 3-2 % increase above 
the untreated seed. This suggested the need for further study of the complicating 
factors of moistening and heating. The 39-7 °% of ash in the bones produced on 
immature yellow dent maize dried below 29° fell between the percentages 
obtained for the immature and ripe sweet maize. It was also 7 to 8 % higher 
than the figure obtained for the same sample used in the previous tests. This 
latter variation can be accounted for by such factors as difference in initial 
weight of animals and food consumption. 

These differences in calcifying properties were verified by the analyses of the 
blood-sera. Whereas all calcium values fell within the normal range, the in- 
organic phosphorus was greatly depressed. Although it was impossible to obtain 
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particularly accurate results at the low levels encountered, the relative distribu- 
tion of values was the same as in the data already reviewed. 

Another confirmation of these relations was observed in the width of the 
rachitic metaphyses of the wrist bones and in the degree of involvement of the 
costochondral junctions. 

Since any variations in calcification might be caused by differing phosphorus 
content of the rations, the dried maize samples were ans lyse od for “this element 
using the method described by The Association of Official Agricultural Chemists 
[1930]. The three samples of canned sweet maize were found to contain between 
264 and 273 mg. phosphorus per 100 g. dry product, the Golden Bantam seed 
355 and 367 mg. and the immature yellow dent maize 410mg. From these 
differences calculations based on a daily food intake of 7 g. indicated that the 
maximum variation in total phosphorus intake over a 5 weeks’ period was 272 mg. 
It is obvious that these phosphorus variations were not responsible for the 
observed differences in calcification since the sweet maize rations with the lower 
phosphorus content produced better calcified bones. 

Sweet maize at the canning stage possessed properties favouring better 
skeletal calcification than the same maize fed as ripened seed. This is in accord 
with the previous results obtained with immature yellow dent field maize. 


SUMMARY. 


Immature yellow dent field maize promoted better calcification than 
corresponding mature maize of the same variety and grown under identical 
conditions. 

Commercially canned sweet maize promoted better calcification than the 
seed from which it had been grown. 

The differences in calcifying value cannot be explained by more favourable 
calcium/phosphorus ratios. 


The authors wish to express their appreciation to the Quaker Oats Company 
whose financial support made these experiments possible. The authors are 
indebted to Mr James T. Lowe and Mr Robert W. Haman for assistance 
rendered in analytical work. 
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INTEREST has been centred not only on the effect of maturity on the calcifying 
properties of grains [Templin and Steenbock, 1933] but also on changes effected 
by the process of germination. Stepp [1925] observed that the substitution of 
sprouted grains for the cereal component of McCollum’s rachitogenic ration 3143 
[McCollum et al., 1921] did not alter its rickets-producing effect. 

Mellanby [1926] reported that the rachitogenic property of oats was not 
materially altered by exposure to a temperature of 100° for 18 hours or by 
germination for as long as a week, but the combined application of these treat- 
ments distinctly reduced interference with bone calcification. He further stated 
that the same relations held for barley, making the kilned grain a comparatively 
good cereal product from the point of view of bone formation and much better 
than the original barley. 

Gyérgy and Schall [1929] extended the study of the rickets-producing 
property of seeds germinated in the dark to include wheat, barley, oats and 
beans (Puffbohnen). He used extracts of these germinated seeds prepared with a 
mixture of alcohol, ether and chloroform of such concentration that 0-1 g. of 
extract represented 1 g. of seed. No evidence of healing was obtained when 
daily doses of 0-1 g. of extract were administered to rachitic rats over a period of 
8 to 14 days. These workers were also unsuccessful in their attempt to activate 
ergosterol by exposing it to mitogenetic rays from the roots of hyacinth bulbs. 

The observations of Schittenhelm and his co-workers stand in opposition to 
the results just reviewed. Rubner and Schittenhelm [1926] expressed interest in 
the promotion of the therapeutic use of preparations made from dried sprouts 
obtained as a by-product of barley malted in the dark. Schittenhelm and Eisler 
[1928, 1] claim to have demonstrated the presence of vitamin D in these sprouts 
by feeding rats with an extract obtained with alcohol, light petroleum and 
chloroform. They found that 1 or 2 mg. of extract daily were sufficient to induce 
healing in 8 days. They further state that the active principle follows the 
phytosterol fraction and is sensitive to oxygen and to light. However, the in- 
completeness of the data reported as well as the inadequate use of controls make 
it difficult properly to evaluate these results. 

' Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station, Madison. 
* Quaker Oats Fellow. 
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At a later date these same investigators [1931, 2, 3, 4] reported more carefully 
controlled experiments strengthening their claim that antirachitic activity 
is present in dried barley sprouts. In prophylactic tests, when dried sprouts 
comprised 6 °, of the otherwise rachitogenic ration, rickets was prevented, and 
bone with a normal ash content was formed. Their failure to do more than arrest 
further development of rickets by feeding the same dried sprouts at even higher 
levels to rachitic rats they attribute to deranged functions of the digestive tract 
occurring in rats suffering with rickets. Analysis revealed that twice as much 
crude fibre was eliminated by the rachitic animals as by normal rats of a similar 
age. Because of this complication, they found it more satisfactory to work with 
an extract prepared with a mixture of acetone and light petroleum. Daily doses 
of 1 mg. of the extract were sufficient to prevent or cure rickets consistently in 
rats and further fractionation resulted in even more potent products. 

Rubner [1930] has reported improvement in the retention of nitrogen, calcium 
and phosphorus in two patients who were given 50 g. of dried barley sprouts daily; 
but these results were complicated by the feeding of a bone-marrow supplement. 

On the basis of such findings together with other clinical data, Schittenhelm 
[1928] and in collaboration with Eisler [1928, 2; 1931, 1] has advanced the thesis 
that the formation of vitamin D is not dependent upon the presence of ergosterol 
or activation by light. They favour the point of view that it is formed during 
the process of germination, even in the dark, since they have failed to detect 
provitamin in the seed from which their preparations were made. 

Our objective in the present series of studies was to determine if any altera- 
tion in the rickets-producing property of maize occurred during germination in 
the absence of light. We relied primarily upon prophylactic technique in which 
the products tested were substituted for the cereal component of a high calcium- 


low phosphorus rachitogenic ration. A few curative tests were conducted with 
alcoholic extracts, but the data accumulated are as yet too limited to warrant 


presentation. 
EXPERIMENTAL. 


Series I. In order to correlate results with those already published [Templin 
and Steenbock, 1933], the maize selected for these experiments was of the same 
origin and was raised in the same field and harvested and stored according to the 
usual agricultural practice. 

The maize was germinated in the following manner. A weighed quantity was 
thoroughly scrubbed with three changes of distilled water and then treated in a 
vacuum with a 1-0 °% solution of formalin for 10 minutes. After an additional 
10 minutes at atmospheric pressure the formalin was drained off, the maize was 
washed once or twice with sterile water and finally covered and allowed to soak 
in sterile water from one and a half to six hours. Tinned or galvanised iron pans 
12 x 20 x 25 inches were used as germinators. In them was placed a thin layer of 
clean pine shavings which was covered with two layers of paper towelling. A 
litre of water was poured in, the pan was wrapped with heavy manila paper and 
sterilised for 15 minutes in an autoclave at 15 pounds pressure. Approximately 
250 to 300 g. of prepared maize were then spread in a single layer between the 
towelling. Care was exercised to reduce contamination to a minimum. The 
germinator was incubated at 26°. In the longer germination periods it was found 
necessary to add more sterile water later. In 48 hours 95 °%, of the kernels had 
grown roots not exceeding 1 inch in length and 5 % had roots between 1 and 
2 inches in length. In 95 hours only 23 °% of the roots were less than | inch in 


length, 65 °% between 1 and 3 inches, and 12 % between 3 and 4 inches. 
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At the termination of the germination period, the maize was ground in a food 
chopper. A portion was spread in granite-ware pans in a layer not over } inch 
deep and dried before a fan at a temperature of 35 to 37° for 24 to 48 hours. The 
dry product was ball-milled for incorporation in the test ration. 

For autolysis a second portion of the sprouted maize was ground, and 
approximately 200 g. quantities were placed immediately in 2 quart glass jars. 
One litre of distilled water, with chloroform and toluene, was added; the cover 
was lightly closed, and the whole was placed in an incubator for 10 days at 31 
The product was dried in the same manner as the germinated preparation. 
Difficulty was encountered in desiccating the autolysed corn which had been 
germinated 95 hours because enough sugars were present to form sticky lumps 
which failed to release all moisture and toluene even when placed in a CaCl, 
desiccator provided with a circulating air current. Final desiccation was 
attained in an evacuated desiccator kept at 45°. In all it required about two 
weeks to dry this product sufficiently to allow grinding in a burr mill preparatory 
to incorporation in the ration. A 90 % recovery of the initial weight of the maize 
was obtained in the products of maize germinated 48 hours and an 83 °% recovery 
in the case of maize germinated 95 hours. 

The dry, ball- mille d maize products were substituted for the yellow maize in 

Ration 2965 [Steenboc *+k and Black, 1925] with the further addition of 4 % yeast 
known to be rich in the vitamin B complex. This was added at the expense of the 
wheat gluten fraction. 

Seven litters of rats between 24 and 27 days of age were used to provide 
6 rats for each test ration. The daily food intake of each rat was restricted to that 
amount voluntarily taken by the rats with the lowest food consumption: The 
limiting individuals of the entire series were rats receiving the maize which had 
been sprouted 95 hours and autolysed 10 days. During the first three weeks 
approximately three times the requirement of vitamin A was administered to 
each rat weekly in the form of a crude carotene extract dissolved in corn oil. 
During the last two weeks a similar amount of vitamin A was fed as red palm oil. 
Data on the composition of the bones and blood were obtained as described in 
the preceding publication [Te *mplin and Steenbock, 1933]. 

Data. The results of this series of experiments are to be found in Table I. It 
will be noted that weight gains and food consumption were both satisfactory and 
uniform throughout the various groups. Distinctly the best calcification was 
obtained with the rations which contained autolysed sprouted maize. Whereas 
untreated maize and maize sprouted for 48 and 95 hours respectively gave 
27-9, 28-4 and 29-6 % of ash, maize sproutéd for 48 and 95 hours and then 
autolysed raised these figures to 46-6 and 56-7 respectively. Thus the sprouting 
process altered the calcifying activity only to a very slight degree if at all, but 
when followed by autolysis practically normal bone was produced. Soaking the 
maize for 16 hours increased the ash content to 35:5 °%, but in a later test this 
result could not be duplicated. 

Criteria other than percentage variation in bone ash confirmed the indicated 
relations. Whereas the blood-serum-calcium was normal, the inorganic phos- 
phorus was very low in all groups except the one receiving maize which had 
been sprouted 95 hours and autolysed 10 days. This group had a normal value 
of 7-8 mg. per 100 cc. The w idth of the rachitic me taphyses and to a lesser 
extent the enlargement of the costochondral junctions also confirmed these 
relations. 

From the results of this series of experiments it appears that maize germi- 
natec in the dark for as long as 4 days does not acquire additional antirachitic 
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Table I. Effect.of germination and autolysis of maize upon calcification. 


Average Femur data Maxi- 
daily Blood-serum a itm 
food analyses* Weight width 
Body weight con- -——————— of ex- of 
———,_ sump- Ca P tracted Weight meta- 
Initial Gain tion mg./100mg./100 bone ofash %_ physes Costochondral 
Ration g. g. g. cc. ec. g. g. of ash cm. junctions 
17. Untreated : 33 7-0 12-4 2-7 0-0976 00-0277 27-9 0-17 Much enlarged, angv. 
lation, double beading 


R 48. Soaked 16 hours 56 34 . 13-2 4-6 0:1094 0-0393 35:5 0-17 Moderately to severely 
enlarged, angulation 
and double beading in 
2 animals 


R 49. Soaked and sprouted 57 3t 7 3-3 3% 0-1024 0-0293 0-17 Much enlarged, angu- 
totalling 48 hours lation, double beading 
R 50. Soaked and sprouted 56 36 . 5 0-1307 0-0615 0-08 Slightly to moderately 
totalling 48 hours, autolysed enlarged 

10 days 

0-0900 0-0270 29-6 0-15 Much enlarged, angu- 


R51. Soaked and sprouted 57 
t lation, double beading 


»talling 95 hours 
. 52. Soaked and sprouted 57 35 7. 13-2 “{ 0-1751 0O-O977 56-7 0-05 Normal 
totalling 95 hours, auto- 
lysed 10 days 


I 


* Blood of animals having advanced respiratory trouble was not used. 
t 2 animals had severe respiratory trouble. 


potency. On the other hand autolysis of this germinated maize results in changes 
which materially aid calcification. However, the effect of heat as a complicating 
factor was not completely ruled out. 

Series II. To determine the part which heat and moisture conditions played 
in the previous series, the following group of maize rations was fed: (1) ger- 
minated 96 hours and autolysed 10 days; (2) germinated 96 hours—stored dry at 
same temperature as (1); (3) germinated 96 hours—boiled—stored wet at same 
temperature as (1); (4) soaked 16 hours and dried for 24 hours; (5) ground and 
dried for 24 hours: (6) untreated. 

The maize used was a high grade yellow dent seed maize grown in Wisconsin. 
The process of germination was conducted as previously described except for 
the elimination of the soaking before germination and the use of a larger amount 
of maize, viz. 400g. per pan. Germination proceeded vigorously at 31°. In 
96 hours 45 °/ of the kernels had rootlets 3 to 5 inches in length, 45 °{ 1 to 2 inches 
and 10 % less than 1 inch. Autolysis was conducted at 31° using CHCl, as an 
antiseptic. By an increase in the temperature of drying to a range of 45 to 49°, 
it was possible to shorten the time of drying of the autolysed product to 6 days 
when carried out in open pans before an electric fan. Controls for such heat 
treatment were provided by the following two preparations. Dried germinated 
maize was stored alongside the autolysed product both during its autolysis and 
drying. The other control was germinated maize which had been boiled 
5 minutes to inactivate the enzymes, then stored and dried by the methods used 
in the preparation of the autolysed product. Other groups were included in the 
series to check the result on the effect of soaking the whole kernels and to deter- 
mine the result of heat treatment on untreated ground maize. 

The prepared samples were fed in Ration 2965 according to the technique 
described for the preceding series. During the first 13 days of feeding the 
average daily intake of ration per rat was only 4-5 g. owing to the fact that the 
rats did not like the autolysed and boiled maize rations. Since this amount was 
not sufficient to maintain good growth, it was decided to replace only half of the 
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yellow maize of the ration with these products for the remainder of the 5-week 
period. This necessitated a similar change in the ration of germinated maize 
which had been stored under dry conditions. Such an alteration in the dietary 
regimen resulted in a 7 to 8 g. daily intake per rat and a resumption of satisfactory 
growth. Calculations in terms of the total ration eaten over the entire experi- 
mental period indicate that these prepared products comprised 49 °% of the 











al 
ingested food. 
angu- The average results of the data obtained by the same methods employed in 
pading oe a se . ; ~e : 
verely Series I are to be found in Table IT. Body weight gains of 30 to 40 g. were pro- 
rely i . ca aon R = 
lation cured on an average daily food intake of 6-0 g. Such gains were comparable with 
ing in those obtained in preceding tests. 
angu- 
ading mm ea : ; 7 ; ; . 
> Table Il. Effect of germination, autolysis and heat treatment of maiz 
rately - a eee Maes 
™ upon calcification. 
angu- Average Femur data Maxi- 
ading daily Blood-serum $$ _—_—— mum 
food analyses Weight width 
Body weight con- - — of ex- of 
A— sump- Ca P tracted Weight meta- 
Initial Gain tion mg./100mg./100 bone f ash %  physes Costochondrz 
Ration g. g. g. ce. cee. g. g. of ash cm. junctions 
R72. Germinated 96 hours 57 30 6-0 13-0 3-4 0-1149 0-0540 46-8 0-06 Slightly enlarged 
and autolysed 10 days 
R73. Germinated 96 hours 58 32 6-0 11-5 3-0 0-0901 0-0265 29-3 0-15 Much od with 
—stored dry at same tem- doubl and 
perature as R 72 angulation 
R 74. Germinated 96 hours 59 29 5-9 13-1 40 0-1056 0-0419 39-3 0-12 Moderately to severely 
—boiled, stored wet at same enlarged 
temperature as R 72 
R 75. Soaked 16hours,dried 58 37 6-1 12-2 3-3 0-0997 0-0333 33-3 0-15 Much enlarged 
9. nre 
24 hours 
R 76. Ground, dried 24hours 59 41 6-1 11-6 3-5 0-1070 0-0343 31-7 0-14 Much enlarged 
R77. Untreated 57 39 6-1 12-6 4-0 0-1033 0-0364 35-2 0-13 Much enlarged 





The blood-serum picture was as expected, namely, a normal range of calcium 
and a greatly depressed inorganic phosphorus content without significant 
variations among the various groups. 

As in the preceding series, the ash content of the femurs was highest for those 
rats fed on the maize which had been germinated 96 hours and autolysed for 
10 days. Although the autolysed product had been fed at a level considerably 
lower than in the preceding series, the femurs contained 46-8 °% ash. The control 
ration of the cooked maize produced femurs containing 39-3 °% ash. These 
figures are respectively 17-5 °% and 10-0 % higher than those obtained with the 
germinated maize (29-3 °); but only 11-6 and 4-1 % higher than values obtained 
with the untreated maize (35-2 °%). Moreover when consideration is given to the 
fact that the value obtained with germinated maize is 5-9 °% lower than that 
obtained with untreated maize, the significance of the difference in calcification 
produced by the cooked maize, if any, becomes questionable. On the other hand, 
the values obtained with the autolysed product indicate the formation of 
distinctly better calcified bone even when these relations are taken into account. 
The percentage of ash (46-8 ©) obtained with the autolysed maize also compares 
favourably with the 56-7 °4 obtained in the preceding series when allowance is 
made for the difference in levels of this constituent in the two rations, 49 °% in 
the former and 76 % in the latter. Sprouting of the maize per se gave no 
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evidence of increasing its antirachitic activity; in fact the percentage of femur 
ash was actually lowered in this series. Such a failure to demonstrate any change 
in antirachitic activity due to the process of germination is in accord with the 
results obtained in the earlier test. The slight increase in calcification observed 
when whole kernel maize soaked for 16 hours was fed in the preceding series of 
experiments was not substantiated in this series. In fact the 33-3 % ash obtained 
was nearly 2 °, below that found with untreated maize. Neither did heating the 


ground maize for 24 hours produce any significant alteration from the result 
obtained with the untreated maize. The percentages of ash were 31-7 and 35-2 % 
respectively. 

These relations, based upon a comparison of the ash content of the femurs, 
were substantiated not only by the average weights of the extracted femurs and 
the average weights of ash but also by the ranges of individual values from 
which these averages were calculated. Confirmation was also obtained from the 
width of the uncalcified metaphyses observed in the silver nitrate staining test 
and to a lesser degree by the extent of involvement of the costochondral 
junctions. 

Series III. Further tests of the effect of heat and moisture upon ungermi- 
nated and germinated maize were necessary to interpret properly the results 
already obtained. To this end the following maize products were prepared: 
(1) untreated; (2) ground, moistened, dried 27 hours; (3) ground, moistened, 
dried 10 hours; remoistened, dried 17 hours; (4) germinated 96 hours, dried 
27 hours; (5) germinated 96 hours, dried 10 hours; remoistened, dried 17 hours; 
(6) germinated 96 hours, dried 2 weeks. 

It was necessary to determine if heat and the presence of moisture had a 
different effect upon the germinated maize from that which they had on the un- 
treated seed. Furthermore, it was possible that heat functioning in the presence 
of moisture might have an effect different from that in the absence of moisture. 

The ground products were spread loosely in granite-ware pans in a layer of 
about a half an inch in depth. The conditions of drying approximated to those 
used in the process of desiccating former preparations. For the first 10 hours 
the temperature was held between 47 and 50°, during the following 12 hours the 
lowest point reached was 33°; throughout the final 5-hour period it was again 
maintained between 47 and 50°. Moisture additions were made in amounts 
barely sufficient to cover the ground corn and the pans were immediately placed 
in front of the fan. 

As in the former series these maize preparations were fed as the cereal portion 
of Ration 2965 in the same manner as described for Series III in a previous 
publication {[Templin and Steenbock, 1933]. 

Six rats from as many litters and ranging in age from 23 to 30 days were 
placed on each ration for a five-week feeding period in which the food consump- 
tion of all rats was maintained at the same level. 

The data are presented collectively in Table III. Regardless of whether or 
not the maize had been germinated or subjected to varying types of heat and 
moisture treatment below a temperature of 50°, all rats became very rachitic. 
The untreated maize produced femurs containing 32-7 °/ of ash. After moisten- 
ing and drying, this same maize produced femurs with 31-5 and 33-3 % ash 
content. The ash contents of femurs produced on the ration containing germi- 
nated corn subjected to 27 hours of drying were 27-1 and 30-5 °%. An extension 
of the time of drying to 2 weeks did not alter the rachitogenic property of the 
germinated maize, for the ash content of the femurs was 30-8 %. These same 
relations were found for the weights of extracted femurs and the weights of 
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Table III. Effect of heat treatment and germination of maize upon calcification. 


Average 


daily 
food 
Body weight con- 
— ~ sump- 
Initial Gain tion 
Ration g. g. g. 
R91. Untreated ol 14 6-9 
R92. Ground, moistened, 60 13 6-9 
dried 27 hours 
R 93. Ground, moistened, 59 15 6-9 
dried 10 hours; remoistened, 
dried 17 hours 
R 94. Germinated 96 hours, 61 34 6-8 
dried 27 hours 
{95. Germinated 96 hours, 61 33 6-8 
dried 10 hours; remoistened, 
dried 17 hours 
R96. Germinated 96 hours, 59 36 6-9 


dried 2 weeks 


mg 


Blood-serum 


Femur data 


analyses Weight 
; of ex- 
Ca Pp tracted 
r./100 mg./100 bone 
ce se g. 
13-6 3°D 0-1085 
12-8 1-6 0-1081 
11-0 1-2 0-1095 
11-6 1-0 0-0994 
— _ 0-1001 
1-6 4-] 0-1011 


Weight 
of ash 


0-0355 


0-0341 


0-0365 


0-0269 


0-0307 


0-0312 


30-5 


30-8 





Maxi- 
mum 
width 
of 
meta- 
Ss Los idral 
em. 1S 
0-17 Mu ged, some 
angulati ind double 


beading 


0-18 


0-18 


0-18 Much enlarged, severe 
angulation, triple 
beading 

0-19 Much enlarged, moder- 
ate angulation and 
some double beading 

0-17 Much enlarged, moder- 


ate angulation, double 
beading 


femur ash. Confirmation of the very rachitic condition of all the groups of 
animals was obtained in the low level of blood-serum-phosphorus, in the presence 
of wide rachitic metaphyses in the wrist bones and in the manifestations of 


severe involvement of the costochondral junctions. 


Good growth was obtained on an average food intake of 6-9 g. per rat per day. 
The fact that the average weight gains made by rats on the ungerminated maize 
were 9g. greater than on the germinated maize is not, in our opinion, a com- 
plicating factor in the interpretation of the results of this series. Neither is it 
significant in itself since such a difference was not uniformly obtained in the 


previous tests. 


The results of this series again demonstrated that the germination of maize 
did not alter its rachitogenic property. 
incident to the process of drying the maize products was not responsible for the 
variations in calcification observed with immature maize. 


Furthermore 


DISCUSSION. 


the 


heat treatment 


It is probably premature to attempt to give an explanation of the results 
obtained by Schittenhelm and his co-workers in the light of our results. Whereas 
our studies dealt with maize, the German workers fed only dried barley sprouts 
or extracts thereof. Mellanby ef al. [1928; 1 
be formed from ergosterol by the growing plant independently of ultra-violet 
radiations. De Ruyter de Wildt and Brouwer [1932] reported that barley meal 
prepared from the entire grain contains vitamin D, whereas that prepared from 
maize does not. Proof of the above statements is not at present forthcoming 


and other possibilities can be entertained. 


929] postulated that vitamin D may 


For instance, since calculations 


based on data reported by Tiaufel and Rusch [1929] indicate that the weight of 
dry barley sprouts equals less than 4 % of the weight of the barley from which 
they are formed, it is possible that the Schittenhelm group of workers fed more 
concentrated products than investigators who used the entire grain and sprouts 
or even extracts prepared from them. Perhaps the specific rachitogenic factor 
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referred to by Mellanby [1925] was retained in the grain, thus allowing the 
nutrients in the sprouts to function without the presence of such antagonistic 
effects; or the rachitogenic factor may have been destroyed during the progress 
of germination. Again, the conversion of phosphorus compounds into forms 
more available to the growing animal would not be revealed by ordinary analysis 
but would have the same effect as an increase in the phosphorus of the ration. 
Some of these considerations apply equally well to the interpretation of the 
results reported here in connection with germinated and autolysed maize. 


SUMMARY. 


Yellow maize germinated for 95 hours, with roots not exceeding 4 inches in 
length, was found as rachitogenic as ungerminated maize. 

Germinated maize dried below 50° had practically the same rachitogenic 
properties as the maize from which it had been prepared. 

Autolysed germinated maize was definitely less rachitogenic than germinated 
or untreated maize. 

The antirachitic effect of autolysed germinated maize was most pronounced 
in maize which had been germinated for a long period of time. 

Soaked whole kernels and moistened ground maize dried by the same methods 
as those employed for the sprouted products did not differ from untreated maize 
in rachitogenic properties. 

Heat treatment of ground maize at a temperature less than 50° did not alter 
its rickets-producing tendency, neither did germinated maize subjected to this 
temperature for 2 weeks undergo a change in this property. 


The authors wish to express their appreciation to the Quaker Oats Company 
whose financial support made this research possible. The authors are also 
indebted to Mr James T. Lowe and Mr Robert W. Haman for assistance in con- 
ducting blood analyses. 
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pounds by hydrogen peroxide. Il. Catalysis 
of oxidation of cysteine by thiocarbami 
and thiolglyoxalines 1181 

Pirie, N. W. and Hetg, T. 8. Studies in the 
sulphur metabolism of the dog. XII. The 





dt. 


preparation and metabolism of d-acetyl- 
cysteine 1716 
Pituitary and ovarian hormones, influence of, 
, on calcium metabolism (Dixon) 410 
Pituitary extracts, anterior lobe, action of, on 


ovary (Bellerby) 2022 
Pituitary extracts, effect of injection 
urinary creatinine (Schrire and Z 


stein) 1337 








Pituitary extracts, posterior, assay of (Gulland) 
1216 

Pituitary gland, oxytocic hormone of posterior 
lobe of (Gulland) 1218; (Gulland and 
Macrae) 1237, 1383 

Pituitary, silver nitrate staining reaction fo 





h and Zilva 


m of mucus duriz 





ascorbic acid in (Gou; 
Plant materials, product 


composition of (Shrikhande) 15 











Plant tissue analysis, alcohol as a suga 
tractant in (Hulme 116 

Plants, physiological importance of I 
elements in (James and Cattle) 18 

Plasma-caleium in human disease (H 


L975 











2082 





Plasma, method for obtaining protein-free 
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